



ATCMIC MEDIC L PROBLmS 




\ Wi«r one undertakes to apenk of Atomlo Medlolne In this day and 
time, there is indeed cause for coneem if not trepidation. Feu fields 
of hiasan endeavor are more extensive, more fro\ight with life and death 
concerns, more overvrrought hy great hopes and fears, more bedeviled by 
extremes of pessimism, optimism and sensationalism and more confused by 
contradicting proji^eay. 

efforts this evening will then, I think, be most profitably 
esplc^ed in attmpting a fair appraisal of this area of medical concern 
and I hope for your indulgence if the presentation is more sober than 
pyrotechnieal . p 

We love to speak of the ”Atoaie Age" and indeed se m e a nthusias^r 
accounts ^ve the flBpres8i<Mi that we will soon have everything powered 


by nuclear reactors, cure all disease by radioactive Isotopes and bring / 

. flthmee forsa# all creation devoted to earl 


on lihe utopian mlllenliM. forsee all creation devoted to early 

SI.-- 'V 

extinction by atomic weapons^ tAat is one to -h^eve? 

Atcmiic Medicine is not brand new, but really had its start and a 
most enthusiastic one over 5C years ago. As you know that start and 
the, substantial application to therapy that resulted, related largely 

■ iT 




diupi Which haS^bseoeie quite familiar tb*^ throi^hout our careers, 
in quite well standardised applications. Some years later radioactive 
phosphorous made its debut, but the great modem effloresoense of 
interest sTJd concern dates from the staggering and disconcerting 
soimtifie discoveries and developmants that have isushroomed like the 
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cloGd of the atomic bomb, since the diseoyory that U235 ootild be 
fissioned. 


The careful studies of 


I- 


and Ptwissaan In Germany shoved in 


1939 •Uiat iiranltim which had been subjected to bombardTaent by neutrons 
In hopes of producing hearier elements by additlai^ yielded traices of 
lighter elments such as barium and krypton. The weights of these were 
such as to indicate that sc^ae of the uranim atoas were splitting into 
fragments. 

To a few scientists the news of this work was stupendous in its 
impact; to most of us, I am af^id the news would hardly compare in 
interest to a few ho»e runs on the ball park or a first down by otir 
faTorlte football team. Wot to oavil at this, for after all a healthy 
interest In sports is indeed neeeesary to national vigor, I suspect, 
nevertheless, that we are often as poor judges of What is really 
Important as ihe old darky servant in the reoitation made famous years 
ago by the comedian Ifet Wells. "So News" or "Vhat Killed the ’3og"r 


It appears that the master returning from a solitary vaoatTon, during 
which In acocs^anee with his doctor's orders he received no news of any 
kind, was m^ by his old servant at the train. He ;nromptly Inquired for 
news, ^sply was, "Wo sir, Boss; dere ain’t no news; no news a'tall". 

[. Vrm thence tWe story 

lU 

turns out that-tba dog's d^th was-.^« «id result of a grotesque series of 

ealsBitles far transeending in import^ee ^e end of the unforttmate canine 

' ■ --a ■' 

The partleular cause of death, I might add r was gorging himself on burnt 


after mi^ urging, the servant cane tQ) with the recollection that the 
dog had died, tHence tWe story unwinds backward b it by -Mt until it 


horse flesh derived from a fire wh-'eh destroyed the whole of his owner's 


estate 


The analogy as regards mucleon'’ qs is rery rough a n d-ii r- rev erse! 

The story of fission does not unwind backward exclusively into calam5tiesl cLm^ t/ 
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i«t is being unrolled frcai ^e scroll of the future alwig lines both of 

oatastroirfilc potentialities and of ccajstructive research and useful 

applicati<m. It all events, we find ourselves in this modem age, blessed 1 ' - 

or afflicted, or loth, with nuclear reactors, atonde boa^^ and 

radioactive isotopes in great quantity and profusionj; 
f^n ' 

oorosu^iis utilisa4]ft^ df nuelM.r energy for power. 

^ This is truly pred^ieuS and seems all the more iramatic b y- ce nai4 e p« . 

4i^ the quiet and unobtrusive beginning in the seclusion of a laboratory 
vAere two workers wrinkled their brows over the perplexing results of 
bomberding uranium by neutr^s, 

>««-"i»deeg©4ftr'fTliT7ai. / 

It would bo fascinating to follow t h e d e t aila further but it would 
also exceed our time and purpose#^ I would only not© here that present 
proapeeta for conventional power appj^catlens do not relate to wide or 
universal use, but rather to special oirct^ts^uces idiere the use of 
eustonary fuels is difficult, «cp«nslve or llmlts^^>e*: 5 Monal possibilities; 
Hence the Interest in applying atoale power In submarines ^ \ 

Main purpose here tonight is to take a glimpse at biomedical Iraplieatleiis. )\l 
Those can be divided into three main groups; I. Those related to 
atomic warfare} II. Thoee related to the use of radioactive isotopes in 
'linloal therapy and reaoareh; and III. Those related to fundamental 
ereh into the biological effect# of Ionising radiations. 









Ab V 9 begin to consider these* it mlf^t be Bote<1 th&t exception is 
swsetlmes taken to the term "atomic" es not being scientiflcallj aeenrate* 


Nonetheless* the term is generally applied to ?^en<B8ena related principally 
to nnclear and atomic physios, and I hope I may be forgiven for using the 


rather formidable to mai^r of us to speak of something like modem bimedical 
aspects of nucleonics and the ionising radlaticms. Possibly it is because 
many scientlfie works relating to these subjects are highly t«^,ical and 
very difficult for taany of us to get mmh. out of. 


survival and health of peUft i aps mlllloinr our eltlwns; , 

It la tempting to entertain the thou^t that fears of retaliation may 
prsvent use of atomic weapons, as happened with chssileal warfare in the 

last world war. It would be most reckless and perhaps fatal to bank on 

if. 

this, 6esdi»ii cities present very profitable Ind^istrlal targets or 
constituts vital nerve centers, one or both; so the temptation is there and 


since this term could be applied wito good reason to ordinary ehsmlstry. 


c 


term in this popular thoi^ rather loose and broad sense; also it sounds 




I* Atcmio Bciabs 


At an y m e t e ,' we find uursel T^ft i w i < ^ ^^e atonic bomb w h ' ieh hae not 


onl cur en^es cause for serious ec^tation put - it - aild 





but proven not a little disconcerting to our own 


aplomb. 


Th e r e ar e 



vi ta ll y, c opoer p ed --wl^t 


thl 



, Tile future of our eonmtTy^4^*^ stake !WKt"the 



sneul d. make sensible preparations 
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dollars asidls from losses due to lowering production pnd e^fioienoy. 


We oan, howevery proceed along such lines as we go, and In addition 
build raore sturdily and with an eye to fire hasards. This will pay \ 
dividends too In better living eonditicais and lessened urban ecmgesti(»as.^ 
'^saster planning too, has great peacetime value since periodically we 
have grrot ntanbers of casualties from, fires, explosicms, wrecks, 
hurrio‘ines, sarthquakes and other misfortunes. 


As a weapon of destruction the atomic bomb rivals but so far hs 
not exceeded the results of area or saturation bombing by the more 
convectl^al means of fire bo^ibe and high explosives The dlfferenc 
is dex*ived trom the fact 'Unit a single bomb acoc^llshsa the iestruotl 


On the other hand, atcmlo boal^a-arsr'eQiLroer and more expulsive, and il 
stoe^^uat be husbanded and expended with gx^ateet care. 


surrounding areas) firm, definite and well understood provision for controls 
and exercise of authority; designatim and equipment of medical facilities 
for care of evacuated casualties and refugees; arrangements for rescue 
parties, equipment and transportation; policing and fire control; 
indootrlnatlon of populace, etc. The elailarlty in problems is also 
eocentuated by the fact that the casualties will be preponderantly of 
ths familiar typs, i.e. burns snd 'various crushing injuries and 





- The pattern of planning for and coping with any disasters rssultl_„ 
fro:a their use against us, should then follow largely that already 
developed in England and Qermaiqr, and involves such things as the 
nscessity of bringing help in an orderly' and coordinated fashion fro® 


Instead of huodreis, and defense is therein rendered aor® difficult. 
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and lacerations from falling bidldinga and flying fragments. Heiifia®r, 

A 

the new factor of radiation casualties mtist be added as a most serious 
consideration, psychologically as conducing to panic, and concretely 
as adding to our medical burdens. There has perhaps been a tepdency 
to over-eraphasize radiation effects because of their u af ani l i ai4ty 
and a pectiliar aura of dread, let, it is also easy to under-emphasize . 

It is, I think, best and most realistic to let the facts speak for 
themselves. It is probable that 205 f of all casualties from an atcanic 
bomb will show radiation effects, ranging froa mild to fatal, and 
that 10 to 15% of deaths will be due to it directly or indirectly. 

This is a quite significant increment and these thousands of added 
casualties involve heavy strains on hospital and other medical 
services at a time when they are sure to be already overburdened. 

To this must be added some peculiarly adverse morale factors. 

Fears of sterility, impotency, and other genetic effects are 
involved. These have been increased Iqr exaggerated accounts and 
horrifying rumors that go far beyond reality, and call for widespread 
educational efforts to bring these features into proper perspective, A 
second demoralizing feature is the occurrence of thousands of cases of 
severe illness after a period of comparative well being, during vdiich 
the victims may scatter throughout surrounding areas. As these cases fall 
ill, alarm and panic may be spread. This lends point to efforts to provide 
some type of surveillance over potential cases of radiation illness, aside 
from purely therapeiitic considerations. A third feature is inherent in 
the pattern of clinical effects which, in serious cases, are bizarre, 
protean, difficult to handle, and make a very ugly picture \ihat with 
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nf actions, hemorrhage, 'Crr5. disturbances, epilation, and severe 
prostraticsQ, Finally, there is not a little of the exaggerated dread 
that tends to be associated with the mysterious and Is akin to the 
uneasiness many people feel walking by a lonely graveyard at night. 
the overall burden frcHs radiation eff^ts is, if not the major ccnce^ a 


severe and thoroughly unwelcome turn of the screw. / S! sverthelesa let us 
always remember that at the onset, our main preoccupation must be with the 
more familiar problems of rescue, evacuation, and treatment of bums and 






trauma.* An important point here is that in an air burst, which is by 
far the most likely mode of attack, th^e need no f®V of ffldi oLog i ca3 
contamination of serious degree, 'and rescue work can be beg^ln at once 
and without fear. 

In the case of an underwater burst there will, of course, be heavy 


alow in effect and 


hair raising fashion as a qtdcV and efficiait lethal agent. In reality 
it presents many difficulties^ It is expenl 
ljap»rmanent . So let us look at the matter a bit clos^ir^ In the report 
of the Secretary of Defense^ July 1944* -wa fl^ -the- felletri*g: 



> lea*— 

contamination^ bu%- h e i 'y~ boo y. vcb ah e uld y es Bllncrt that most fission products 
vdtich produce that contanlnatlon^ecay rapidly, se-that we can profitably 
encourage a*m9, delay cm the mrt of people esnerging from shelters or 
attempting rescue. It will pay large dividends. Radiological surveys 
along with proper indoctrination are nscessan'' here if we are to calculate 
promptly requisite time intervals for all concerned, exercise effective 
control, and thereby minimize casualties and panic as well . 

Radiological Warfare shoxild be mantioned before leaving weaponeering 
aspects. In popular accounts. Radiological Warfare has been featured in 
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(a) ^It may hava the capability. If us ad in large enoxigh 
quantities, of denying the continued oocn^tion 
(althoufidi not temporary access to nor transit) of the 
target area for a selected period of time without 
destroying the facilities in that area. Ihis would 
bo useful in denying enemy use of friendly areas 
which might have to be evacuated, or in forcing the 
enemy to evacuate hie own facilities without 
destroying thm. 

(b) It has a oharaoteristio of compactness, which increases 
the flexibility and reduces the cost of delivery , 

(c) At present, it is a ‘aystery weapon’ and proper use of 
psychological propaganda might have grest effect on 
poorly informed people. For this reason it is vitally 
Important that the people of the Unitsd States be 
properly Informed cemoerring the defensive aspects of 
RU, so that misinforsatlon cannot cause panic. 

In general, the disadvantages would appear to be 

(a) The continual radioactive decay of RW agents in storage, 
idiich requires continued discard of old agents and 
replenislment of the stookpile. 

(b) If RW fluterials are produced as a result of lrradiati<m 
of special materials In a reactor, the use of RW must 
compete with pz*oduoticst of other atomic weapons. If the 
radioactive prodwts resulting from fission are to be 
used, to avoid competition with other atomic applications 
there are other extremely difficult and costly problems 
to be faced, not the least of which is the separation of 
desired agents from the omplex. 

(c) The fact that these RW agents are constantly emitting 
dangerous radiations makes it imperative that shielding 
be provided to prohibit exposure of the preparing and 
delivering personnel to the Injurious radioactivity, 

(d) limitation on the use of RW in tactical situations, 

beoaTise of the delay in appeajmince of casualties, hee 

b e en - pr e vlou s ly -discttseed . 

(e) From practical standpoints the problem of delivery and 
proper dissemination is probably the most difficult 
problem tc overccr-e," 



A,. 

This Is followsd by a disoussion of radiological offsets in Japan '■ 
and Bikini and why certain contaminated ships were sunk. These reasons 

( " 

relate to obsolescence of the target ships concerned, costs of repairs 

and long distance towing, decontamination, etc., as compared to the 

scrap ^lue. The section concludes with this paragraphi 

"It would appear extremely difficult to concentrate on attack 
by Rtf agents over any considerable area to such an extent as 
to cause sezious injury from a short exposure. It is possible 
that more casualties woxild result frcan continual radiation. 

However, these areas would probably be evacuated. The 

evacuation areas would be determined by monitoring groups , *. 

Tzsing Instruments developed to indica;to 

radioactivity #'V^ffi'lHH^iT«ipe5t'^EHe Departeent of Defense 

is att«sptlng to develop simple, rugged, reliable Instruments 

for detecting radiation which are capable of being mass- 

produced for use in the field. Prior to evacuation, protection 

can be gained by seeking shelter inside the most heavily 

constructed buildings and closing doors and windows to prevent 

entrance of the radioactive materials." 

This gives the general picture. It is of interest to relate a 
few more details. 

As noted in "The Effects of Atomic Weapons" (j»ge 287), radioactive 
material can be obtained from flssicm products formed in the pile or by 
purposeful ixradlatlon of elements placed in the pile. A nuclesur i*eactor 
in the course of 100 days (million watt output) might produce about one 
megacurie of activity. This spread over a square mile cotild produce 
200 r/day of 1.5 gamma at 3 foot level .... (gamma ray should be the most 
effective radiation to \ise). 

It is easy to see that it would not be simple to use nor too cheap. 

The 'Tianner of use is usually conjectural as being in the form of death 
sand prepared by drying solution of fission products on very fine sand or 
metallic powder, idiich would not be readily detectable as it settled. 
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10 to donylng an aiv 0 r«ary,^e\of 


interruption of irork 




In general f advantages 
areas or facilities for>ii 




-ailrTBrri 


Hfel^Si^^^^^Ltant dlf^S^culties 


mt a g e s ^ relate to flhMegii 

in stock piling^ d y?<ieulti e»-iB- separatm^ desirable fission 

products; shielding personnel charged with reejaonai'hiiAA'ty -ef delivery;'^ 
diversion of pile function froa pro-luetlon of flssicma^e mfterials. 

If we are well indoctrinated and prepared , HW^ 
nuisance value. However , ignorance and unpreparedness whlcft %o 

^^*pai^c <M«-Hi«k9_dK?aaitS!e*»di serious * 

N. 

With this brief mention of some of the prebloas related to bombing*^ 
1st us |mss on. 


• r, 

■W 



II. Ra dioactivs Isotopes 
The consldsratlcx of radioactive isotopes la a much more agreeable 




ftsr a w oth 


field i^ieh we are now beocming quite familiar with. One after »fcothpr 
of our principal hospitals are installing Isotope laboratories ,se-ee~te 
make p es s lble t h g use of and ’the clinical fields of uso- 


Decom: 


fulness of these are becoming well ini infntn d; en d It els e girTTnlT j- 

T^n n g n lBnl ti nt th n rs m i nt b n re gsrd fnr nn rsfn l onle oti oTi n f cas e s. In 
addition to these rather familiar isotopes, it is woi^y to note thft 
is frequently helpful in studies of circulation^ Pr*^fltrtiHnfl trr “ 


«««« j 


72 


faSitia i -e leiu e utr. ~~ lt o a i> ~ha _a«ntionad . tha t- (a) Qa'- shows promise of 
providing diagnostic aid in osteogenic tumors - this by reason of selective 

-i/ I 8d| arc.6; v' 0.36 
Hi/ P32, 14. 3d. b-1.7 
taay Ka^, U.Sh, B~ 1.4; / 1.5; 3.22 

Ga'^^, I4.1h, BTC.8; 3.4; /C.6; 2.5 





uptake ty such tissue. It aay also prove of thera|»utic benefit. I alfht 

note tJwt the Initial work on this Isotope was carried out In Bethesda at 

the Naval Medical Research Institute and the Naval Hospital. The work is 

now being followed xip in the new cancer hospital at Oak Ridge as well, 

196 

(b) Radiomotiy# gold (Au ) shova prosiise of boisig usefial In oortain 

6C 

malignancies by the raeohanlsm of local InJeotlOT. (o) Co prcmilses 

to bo of great help whenever gamaa rays of about 1.1 and 1.3 MfV can be 
use!. 3© called Cobalt bomba may bo oonstruoted as well as small applicators. 
It nay well be that Cobalt can be used to provide a useful aiKl convenient 
source of rays roughly equivalent in its effectiveness and mode of aotioa 
to the million volt x-ray generators. General Sl<K$trlo Company recently 
exhibit^sd apparatiia of this type and it should soon bo available. 

In passing one can note two features that are well to bear in mind. 

•nie first is that althou^ it seams rldloulously easy to administer radio- 
active isotopes, the assoclaWd protilams of selecting the oases, providing 


for reasonably accurate dosimetry, and meeting the requirements of radio- 
logical safety, are difficult and demand great ear®, thought, specialised 
experience and proper eqiilpment. The seocaid is that although much may be 
expected from the therapeutic use of isotopes in malignancies, it is not 
likely that we will find a panacea in them. The limitations involved by 
degree of selective uptake, toxicity of materials and radiation effects 
on normal tissues, are not likely to be overcome entirely. 

It is probable that another field of utility may in the long run 
pay bigger dividends, and that field is the one of tracer applleatlon, 
whereby various elements can be followed throiJgh the intricacies of 


tJ Au^^, 2.7d, Bti.8 
Co^, 5.3y, ro,3 


Y0.28, 2.5 
“fl.ll 1.3 
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iMtaboli0B with ft prftolaien that h«r«tofore wm b«yond uft. ^ this tjp« 
of «B|^oysftntt w» ftr« bftflDnln«r to got down to th« badrook of bioeh«niatry» 
and vft will gradually ecne to know much bettor all phaaes of motaboliamf 
inoludlng that of tiaaora and i4iat eontrols grow^ axid ropair, and idiat 
gooa wrong idien eolls go wild* ( 

The phaaoa and typos of such tracer work are innuaoralQ.o and otto 
oould spend hours merely cataloguing then. The Axiguat, 1950 iasoe of 

jy 

Kueleonioa liata a moat iapoalng array of Mclogioal «grnthooee of 
trnoar oonpounda in eonneeti(» with aatabolle atudiaa. It is beyond tha 
purpoae of thia general acoount to go into decile* but it ie appropriate 
to ntentioD two general featurea which prorile a baaia for interesting 
posalbilitles* One is ^at the turnover of various Mterlals in the body 
appears such greater and sore rapid than heretofore believed. The other 
is that it appears that certain cdMmieal bonds usually conceived oit as 
firm and oloaed* on the baeis of eonvetitlonal atudioSf are actually open 
in tile living cell. In general, our ehcKlcal factories and living neabranas 
are bualer and doing more intricate work than we thou^t. 

m. l^aic ihenoaena 

As we come finally to ftaidaaental studies of the blologleal effects 
of ionising radiation, we find a faeoinating field in which we are 
gradually a^ieving a mutii better understanding* 

Just how tiie ionising radiations produsa thair offsets <m living 
tissue hae been a dark, aysterloua affair, thitil recent years most of 
our knowledge and meet of our preoccupation too, has baan related to 

^ Woodruff, Vatiian H., and Fowler, E. Eugeme, Biological syctheees of 
radioiaotcpe-labeled oompeiffids* Ruoleonios 2* 26-41, August, 195C. 
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histopa^iologioal oh&nges. Nov, hovvror, aoo« light is boiog shed on the 
reasons behind the ehariges we see In our ndcroeeoplo slides. 

The fondmental, thox)^ not ensluslve, basis for blologloal notion 
la, of course, Icmlsatlon. This ionisation is not like that we know of In 
the ionisation of electrolytes in solutions where we find charged atoms 
and radleals, althou^^ suoh may result secondarily as we shall see. Here 
the indlTidoal atoms are primarily affected. High enet^ photons, such 
as comprise certain ganna rays and therapeutic X-rays, act as minature 
bullets which dislodge orbital electrons leaving the atom with a positive 
charge and thus forming an loo pair comprised of the electron and the 
atc» it was forced from. The electron is set In motion - often a rapid 
one - and in turn dislodges other electrons to fom still more ion palra. 
If an sleotron Itself is the initial primary ionising particle ( as in the 
case of the Beta ray), it serves in the same way. So do the proton and 
alpha particle. Indirectly the neutrons also cause ionisation. The jiO% 
result, in any event, is a flux of dislodged eleotrtms and a reaidtie of 
ehargmi atoms. Difference in the effects of the mrlous radiations are 
related to the penetration and to the density of ionisation. 

The biological importance of all this is that the atoms affected 
ionisation are pr«)e to effect chemical charges. In addition, whenever 
a binding electron is dislodged, there will be disruption of th# molecule 
concerned. In the case of solutions, both 'Uie solvit and the solute will 
be involved and oft«i the effects on the former will be more important. 
Thus it becomes very appropriate at this point to consider water since 
it forms suoh a large part of protoplasm. We find as a result of this 
ionising process that instead of tiie usual combined molecular forms, we 
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havf« a tixrnber of h^drogon and oxygen atcana and also CW groups usually 
ionised for a time. Traces of hydrogen peroxide and possibly orfpmlc 

I peroxides appear. Aside from these e Tecta on water and its dissolved 

r 

p 

gases, there will of c curse be direct effects on electrolytes, such as 
the halides. These are also subject to the effect of lonlsaticm and 
all the Tirloxui components of living tissue may be directly affected 
in greater or lesser measure on a statistical probability basis related 
to the anount of radiation and molecular size. Then, too, we muat 
remember that aside from ionisation there Is some degree of excitation 
whereby atoms are raised to a higher energy state than nomal without 
loss of electrons. This too will encotirage chemical changes and tissue 

; ^ reactions such as we are familiar with in the case of ultraviolet light 

f _ vrtiich in great measure produces excitation rather than ionisation. All 

s * 

^ this sort of thing interferes with the normal metabolic processes ty 

Y 

“ producing changes which may be minor and in some measure reversible in 

the case of small do^es, but major and irreversible with sufficiently 
large doses. Upon this quantitative oonsideratlcm the fate of cells 
concerned will naturally depend. The sort of changes that take place 
are about as follows* Proteins are denatured; ensymes are inactivate; 
cell respiratory exchanges depressed; mitosis dlmlrlshe, disordered or 
interrupted; chromatin patterns disturbed; chromosomes broken or 
distorte; the catalytic activity of genes depresae or stopped. Some 
genes are destroye as functimlng agents and in general there is an 
increase in genetic mutations of all types. 

This matter of genetic mutations from radiation has been and still 
Is the subject of innumerable studies but ve are yet far fror! Uie 
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pTMlsion we would like for 'Uie human species. '-Quantitative results as 
applied to the hunan species involve many extrapolations and estimates 
vary widely. However, as a rough gue-a it appeal that there la probably 
about a one per cent increase in the likllhood of transmitting an 
unfavorable mutation for each ICC r received. Ihtis a basic consideration 
shotild be that since most mutations are harmful, unnecessary or reckless 
exposure is certainly something to be avoided. 


^ Qumititative data are ofte») interesting and in this Instance, throw 
additional li^t on the biological mechanism of radiation injury. Vje 


can start with the relative numbers of atoms c<mcemed. Cne r unit 


like a lot but thm 'toke a look at Avogadro's nu^er, uhieh ia the 
X. ntaaber of atcaas in a gram-atom (ons gram for each unit of atowilc weight). 


such a dose* Again it has been calculated that lOCO r produces changes 
in only one out of 1C mlllicm molecules. Accordingly caie may well 
speculate as to how anything of ir-portance can happen at all in living 
tissue except with fantastic doses. let, it appears that 600 r would 
almost invariably prove fatal to a human being. VAiat is indioated by 
tois is that radiation must throw a small but very potent monk^ wrench 
in the Bietabollie machinery. Protein molecules and sxach struotiires as 
genes are of enormous molecular weight, so that the effect of one 
ionisation instead of being limited to one molecule of water may dsrve 
to inactivate a bLcdoglcal unit some hunireds of thousands in molecular 
weight. In this way we can begin to see a basis for the disproportionate 
effects especially when we ocnsider that certain of these molecules may 
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produces about 1.6 x 10 ion pairs per gmn of tissue. That sounds 


23 

It is 6.1 X 10 . Thus only one atom in many billions is affected hy 
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be vital functional units} and peidiapa at this point one's speoulaticms 
ar« apt to taka tha opposite dlraotlon and the edrdlnary expoaurea of 
eliaical radiology seam alarming* One can say that there le no oause 
to worry about the exposures in elinioal radiology, when subject, as they 
normally are, to superrision by qualified radiologists? or again of 
receiving a limited amount of radiation in ccnneetian with special 
aotivities, once more when subject to proper dosimetry and control. 

This brings up the matter of permissible dosage, vdilch is a 
Imgti^ and difficult subject in itself. Suffice it to say here tbat the 
usual limit of 0.3 r/week has been derived largely with reference to long 
time workers In the field are continue usly exposed to hasards of 
radiation. Clinieal exposures, and in general ^ose in the ooeaslonal 
oategcory, oall for different criteria related to praotieal therapeutic 
or operational needs. An important basic c<msideraticn in suoh natters 
is the total life-time ctnralative dosage that can be considered relatively 
Inocuoua. This is still uncertain, but we do find that experimental 
animals receiving substantial dally doses over long periods show an 
increased rate of aging at about the 1000 r level, and that there is 
also a eareinogsnio effect. Radicloglsts have shown a signifioant 
increase in the inoidenoe of leuemala as ec@pared to the general populaticxi 
although the dosage factors are unknown and the number of cases small. 
Genetic effects are unfavorable as already noted. Thus, if one is to 
hasard a guess as to a psrmissable life-time maximum, it can only be a 
tentative one? on such a basis perhaps 300 r would not be too far frcn 
the mark as an average and with the expectation that the greater 
of this amotmt should not be antecedent to the reproductive yeara. 


I f 












4 ^ 




R^'turnl&g this digrssslor to ths probl^ of basic msohaniaeiSji 




l*t US particular! •« a Mtt j^^ic~*ffectB of noxio^t8 agents tend to be 
greatest and certainly most iaportant »diere there la active blochanical 
cooimotion Involving eonpounds of labile nature, and so it is understa^able 
that there is a disproportionate effect on ensyaes and actively growing or 
aultiplyiag cells or tissties, such as blood forming oells, gcHoads, 
germinal layer of skin and muocous membranes. Secondarily there are 
toxic effects probably i^lated to denatured proteins, aberrant function* 
Ing, and products of injured or dead cells. There are also reactive, 
resembling the effects of histamine and forming the basis for a very 
{^auslble hypothesis 'Uiat the formation of histamine-like subatanoeo 
coraprisea another baslo phase of radiation dama», perhaps m pert of / 
an "alarp reacticn'*., 4*^ ^^Tweara' / 

“ ^^yTP‘***T^^*** u uHiLtL.ia« M>- iisy [iTaji ewe pai 't ^ tM' 
henondiagfb syndrome, althou|^ IVj 


is the main causative factor here. > 

The various toxic phencaaena naturally bring up the matter of 
therapy and the possibility of antidotes. 

In the nature of things the ionization Itself cannot be presented; 
nor can the Immeidate effects of the toxic substances be neutralised 
with sufficient promptness after the event of exposure. 

Suppose, however, we anticipate the impact of heavy dosage of 
ionising radiations by administering certain subotanoes. The picture 
then is altered since there may now bo diffused throughout the tissues, 
compounds \Aich can compete with the vital living structures for 


MmMmtlon with toxio agent* eoncemed. Thus we find that if there is 
a liberal aaotmt of »ulfhydryl-«ontaiBlng agents y such as cysteine or 
glutathione, that lethal effects are i*ed\io*d roughly hy a third. 

Curiously enough# e most toxio substanoe, sodlua cyanide apparently 
exerts a pi^tectlve influence* One-tenth of a ragja (0,1) injeeted into 
a iQouae intraperitoneally has been stated to have benefiolal effects on 
a reolstence to lethal dosages. Again ooirtioal adrenal extracts and 
desoxycortioostercme have shown benefiolal effects. 

Application of such agents is naturally United in scope and their 
prospective rise quite c<mjeetural. Nonetheless, the piotui*e is not too 
grim. “Hiere ars other featxires that lend encoui^agev.ent to thexnpeusls. 

A very wieouraging feature ia that certain inrinordeal cells are 
resistant, possibly beoaxise their activity is not consistently at hi^ 
pit<^. However, tdiatever the reason nay be, the fact remains that ths 
so-called stsn cells fotmd in gonads and in blood forming tissues are 
resistant. Thus, if we can tide vietima over the crisis of pancytopenia 
with its atttfidant anemia hemorrhage and lc»s of resistance to infecti(» 
due to agranulocytosis, these cells will nake possible a '•come back". 

So if by good nursing care possible use of transfusions and antlbiotloS; 
we can tide apparently hopeless cases over the asaergency phase, they will 
have a good chance of regaining virtually noraal health. This is indicated 
too by the present good oondition of Mny former Japanese oasixaltles. 
Possibilities of wctrsffiely helpful nature are also in sight from 
developments of blood substiitxtes, notably Dextran. 


18 





With this it ttppssrs tl«« to bring this skotohy mraiMiry to an and, 
and I uovad Ilk# to do so ty suggesting that w# do not be too defeatist 
pessimistic in our attitude towards either the radiation effects , 
or the other hideous aspects of atomic bo^bs. We are not helpless 
and eren if worst cones to worst, let us reme^iber that the world has 
surriwed iirorse and more terrible events, as when calamities sucdx as 
the *n>Tack death** left all of Europe and England little more than 
graveyards* 

There is no reason to believe that we will even approach such 
ccmiplete desastation, but let \xs remember in any event that with the 
vision that should characterise free people, we must not place these 
physical haaards forenost. Rather, let us have regard above all else 
for our fkeedoffi and self-respect. Vd^out this, we are contemptible 
and not worthy of survii^l* With them, we can, with courage and 
determination, be invincible. 



It la now tima to tiring this ainmarjr to Its and and I would Ilka to 
eloaa \>j saying that wa suat not bacoma dafaatist and paasimistie in o\tr 
attitnda toward aodam waapons. Va ara not half^aaa and it is intarastlng 
to go back soma yaars ai4 raad in eontsmpox^ury accoonta of tha San 
Franeiseo aarthquaka axd firOf how prosqptly things wars gotten in hand. 

It is true that oasualtiM would be on an unpreoadantad soala in this day 
and age but wa ara also beaming much batter ot^anisad and oapable of 
dealing with such. 


r 



Let us keep up the good work now going <m and raraa^nbar that our 
country has withstood tough shocks in the past, can do so a^in if need 
be. IFalthar wa nor ciTllisation ara going to parish and 1 ballet our 
ootzntry can and will remain tha great eitadal of fraadom and opportunity 
it has always bean* 
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When we speak of isotopes in these present times we have in mind 




radioactive isotopes and likely enoxigh 



associate magic pos- 


sibilities with them. Siirely the term isotope is now one to conjure 


with: It is no longer a recondite term employed by chemists and 

physicists for their own obscure ptcrposes and perhaps to plague and 


mystify their hapi^ess students. Now it may savour of the sacrilegious 
to seak of magic possibilities to a scientific minded medical audience, 

But all of us, scientists or not, are apt to overindulge in extravagant 
hopes and in all truth such extravagant things have happened in the past 
decade that we can all be pardoned for becoming a little dizzy in the 
head and expecting most anything including a little dash of magic. 

Well perhaps we have that too because our physicists have outstripped 
descriptions and imaginative visualizations. Things happen in amazing 
and pectiliar ways and we learn of physical laws never dreamed of before 
and at times transcending the power of human description or comprehension. 

It seems that much of this newer physics relates to radiation, 
isotopes and transmutation of elements. The story began or rather 
emerged from the laboratories very spectacularily with Roentgens 
discovery of the x-ray followed by Becquerel's discovery of natural 
radioactivity and very soon the isolation of Radium and Polonium by 
the Curies. And I might add that all this caused very nearly as much 
astonishment, bewildement and sensationalism as the atomic bomb in our 
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own times 


The sttdj of radium and related elements made us acquainted with 
new and mysterious radiations and taught us that certain elements were 
going through progressive transmutations eventually reverting to Pb. 

We also learned that enormous energy was being released, /it^ about that 
time too (1905), Einstein startled the scientific world with his 




relativity theory and related thereto the equivalence of mass smd energy 
E = MC^. 

That was startling indeed but no one could find a way of tapping 
or ^controlling nuclear energy and things gradually simmered down to the 
familiar pattern involving the use of radium and a few other radioactive 
elements . 

Then came the modern efforescence of interest and concern dating 
from the enormously stimulating scientific discovery of fission by Hahn / ^ 


and Strassman. The fa mi lies of heavy radioactive elements had been 
known for years and along with it the fact that transmutation of 
elements occurred. The thing was, how would we acccaaplish and control 
transmutation ourselves? 

No ordinary methods had sufficed to modify in the slightest the 
rate of decay of radioactive elements. How, however, the fact that a 
flux of neutrons could bring about nuclear fission^ became the key to 
the tdiole business via the atomic pile and led eventually to the pro- 
duction of radioactive Isotopes in liberal quantities in nuclear reactors 
or piles, O^a smaller scale in particle accelerators ^ 
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It also led, of coiirse, to the atomic bomb, but on this occasion 
I will dodge that matter. Usually this is difficult to do and I begin 
to find myself in regard to that subject like a certain character in 
Charles Dickens* novel of David Copperfield. This poor fellow was 
writing or atteimsting to write a history of England - but he could 
never get past the head of Charles I, that unhappy monarch \riio was 
beheaded by his bold and ruthless opponent, Oliver CrcMwell. Well, 
of course, once you start going into the A bomb btxsiness you are apt 
to get stuck right there. 

So then let us look at once into isotopes, what they are and how 
they fit into the modem medical picture. I am sxire you all know the 
conventional definitions and know that the isotopes of a given element 
have the same number and configuration of electrons and hence the same 
number of nuclear protons. They do have, however, different numbers 
of neutrons in their nuclei and so differ in wei^t. 

Now if this were all there were to it there would be no fireworks 
but it so happens that the nuclei become unstable when there are too 
many or too few neutrons and also if there are too many nuclear 
particles. The ratio of neutrons to protons tend to be low for light 
elements, 1 to 1.3, and high for the heavy 1 - 1.6. This factor pro- 
duces some interesting results. When a heavy nucleJ|J.is fissions/then 
not only will a few neutrons be released but the new fission products 
will have too many neutrons for stability. 

Thus the fission products of an atomic explosion are radioactive 

and begin decaying at once in vAiat is called fission chain reactions, 

' - 
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and study of these has revealed large ntmibers of radioactive isotopes. 

However, we don't get our isotopes by scooping up fission products 
but by nuclear changes ^es^llting from cyclotron bombardment and still 
more by far, from subjecting various elements to the neutron flux of 
nuclei^ reactors . 

There is no need to go into the reactions concerned in detail. 
Instead let us look at what happens to unstable nuclei because that is 
what we are interested in as we set about to ©nploy radioactive isotopes. 

Off hand one might expect that unstable nuclei would simply revert 


to a stable state without delay aitog o thc r. Instead definite statistical 
time elements are involved. A given atom may disintegrate at once or 
perhaps after a million years, but the average rate for the countless 
billions of atoms involved in our operations is coostantj^^iaer all 
ordinary circumstances for a given isotope. It seems that some 
particular arrangement of complex factors must occur before the nuclei % 
can throw off a certain ray or particle. This is elucidated ty such 
st\idies as quantum mechanics and involves much theorizing which I 
think we can well leave to the nuclear physicists. Suffice it to say 
here that is how the atoms behave. 

Let us look now at the type of radiation involved and the attendant 
circvmstances , We are mostly familiar with the <^, B and Y radiations 
but they do not end the story. There are positrons, x-rays4|^S^^oth 
ejection and nuclear capture of orbital electrons, neutrons and 
protons • 
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The A- particles show a mass of 4*0389 and a double positive charge. 
They are thrown off almost exclusively by heavy elements as is natural 


They are exceedingly unstable and short lived. They simply split in 


particles are exceedingly potent ionizers, 30, OCX} pair per cm 
in air, thus forming a dense coltiranar streak in the Wilson cloud chamber. 
However they penetrate very feebly and their range in tissue is a matter 
of 30-50 microns. They do not penetrate the horny layer of the skin and 
are stopped by heavy paper or thin sheets of A1 or Incite. That does 
not mean we need have no concern about them. Far from it. The heavy 
emitters such as Ra, mesothorium, uranium and Plutonium settle in the 
bones if they gain access to the body and are absorbed. There they are 


cause trouble by bringing on the varying ^japt s ao ^f progressive 
pancytopenia and favoring the onset of mlignant bone ttmors. The 
dangers are now well known and guarded against. 

I might note thato^ emitting elaaents such as Radon have appeared 
to exert beneficial effects on ulcers. , It is not clear why this shovild 
be - and is some\diat reminiscent of the "hair of the dog that bit you" 
cure \dien used in the case of radiation ulcers. It might perhaps be 
that mechanical stimulations by atomic bombardment might play a part 
or perhaps some compound formed by transmutation. 

At all events we are more concerned with radiological safety 
aspects of rays than therapeutic. 



half to form Helium. (Smi^^ another; half life 0.93 x 10^^.) 


destructive to 



blood-forming cells and irritate bone <wd a 
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BETA PARTICLE 


^ A. 


0 . o (pff o~^y' c^km/^'-Z 

These are actuedly electrons, identical vd.th those frcm other 
sources such as evacuated tubes and heated filaments. They differ 
only as regards velocity, direction and focusing. Qiergies vary 
from practically zero to 3 mev or occasionally much higher. An 
important and perplexing difference from the alpha particles comes 
to light here. Instead of certain discrete and fixed levels of 
energy and hence velocity, we have a wide, continuoTis distribution 
of energy levels between zero and maximm so as to form a sort of 
continuous spectrum. This is out of keeping with other types of 
radioactive behavior and also with the emission of light lAich, as 
we know, forms definite line spectra. This dilemma has been solved 
on a mathematical basis by postulating the existence of another 
particle, the neutrino, 

NEUTRINO 

According to this view, for each beta particle emitted another 
particle, of similar mass but lacking a charge, is also thrust out and 
the total energy is divided between them on a probability distribution 
basis. Thus we will find that in some instances nearly all the energy 
will go to the electron, while in others the neutrino will receive the 
lion's share; naturally there will be every graduation in between, only 
the total energy remaining constant. This theory is very ingenious and 
probably valid, but owing to the slight mass and lack of charge, all 
efforts to demonstrate the actual existence of neutrinos have failed, 
Thtis, althOTigh they are of great theoretical interest, nothing is known 
of their behavior either physically or biologically. 
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Returning to the subject of beta particles or electrons, it 
rCTiains to be noted that they show greater range gind penetration but 
much less ionizing power (75 per 1 cm. air) than alpha particles. 

They are also readily deflected. Thus a 3 mev alpha particle shows 
a range of only 1.7 cm. in air, whereas beta particles of similar 
energy travel about 13 meters in air. An alpha particle is stopped 
by about 0.06 cm. of aluminum but an energetic beta particle may 
transverse 1 cm. Beta particles can thus penetrate and damage skin. 
Nevertheless, they are of most importance when they are given off 
within the body following the absorption of a beta-emitting substance. 

BRAGG lONIZATICM EFFECT 

The ionization figure of 75 per 1 cm. of air is an average since 
electrons, and other charged particles as well, show a curious variation 
in ionizing power, dependent i^n velocity. Thus electrons at a 
velocity of 0.4 that of light, %diich corresponds to an energy level 
of 46,000 electron volts, produce 288 ion pairs per 1 cm. of air. 

As velocity and energy increase, the amount of ionization decreases 

. . . 

so that^he velocity of 0.5, that of light (0.5 v/c) and energy of 
79,000 ev, the ionization rate becomes 185 per centimeter. A velocity 
of 0.8 v/c and corresponding energy of 0.34 mev yield 72 ion pairs 
per centimeter and at a velocity of 0,95 v/c and energy of 1.12$ mev 
we find the rate 51 per centimeter. 

The reason for this effect is thought to lie in the assumption 
that high speed electrons pass at cans too quickly to exert as pronounced 
an effect as slower electrons. However, with extreme speeds and 
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energies there is again a slight increase in ionization, apparently 
dependent upon alteration of the electron’s electric field with 
extension of it at right angles to its path, the result being that 
there is a slightly wider sweep. 

This variation in the amount of ionization is spoken of as the 
"Bragg Ionization Effect" and the degree as "specific ionization" or 
"K". Mathematically we find that "Kt = 46/(v/c)" where v = velocity 
of the electron and c the speed of light. 


NON-NUCLEAR B RMS AND INTERNAL CONVERSION 

The electrons idilch constitute beta rays are largely emitted by 
the nuclei but not exclusively. Those idiich produce the continuous 
spectrum and suggest the existence of the neutrino are definitely of 
nuclear origin, but there are other beta particles \diich show discrete 
energy levels and are associated with rays identical with K auid L 
x-rays . Thi»r"gaiana‘ rays - fr cn i-Ra ° -(bismu 'fe ^4)' are^-slmliar te- th e-K 


and L Xi-rays ®f bi«imth% What happens is that nuclear gamma rays 
sometimes eject electrons from the K and L orbital shells, thtis 
producing at once K and L x-rays and electrons of orbital origin at 
definite energy levels. The gamma ray may be completely absorbed in 
accomplishing this, the phenomenon being known as internal conversion. 




POSITRON 


Vv^ 


These are seen only in the case of certain unstable iso%apes^f^^^ 
They natirrally have seme ionizing power from their own properties 
of mass and charge but, a» we- have al ready disappear almost 


7^/3 -^ ^c! 
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immediately in annihilation reactions with resultant creation of 


gBjma photons. - ^ ^ 


hea ding . This is a natural consequence of the particulate behavior 
these radiations show in certain phenomena. It is also a natural 
consequence of the energy-mass relationship inasmuch as we have seen 
that there must be some mass corresponding to the presence of energy 
levels. Thus not only is it to be expected that radiant energy should 
show mass effects, but that the greater the energy, the greater the 
mass. This has been verified experimentally, but it mxxst be pointed 
out that there are certain differences between the particulate 
behavior of electromagnetic qvianta of energy or photons and that of 
"true" particles such as electrons, protons and the like. 

NEUTRONS (7 

Since neutrons have no charge, one might at first thovight 
avispect them to be relatively innocuous. However, the sad fact is, 
that, owing to several factors, they are relatively extremely 
dangerous biologically. Because of their mass, vrtiich Is about that 
of a proton or hydrogen nucleus, they have great kinetic energy and, 
owing to lack of charge, penetrate readily and so reach the nuclei, 
where they cause ejection of protons from hydrogenous material, 
and result in the formation of various xinstable isotopes. Hydrogen, 
vrtxich is very abundant in living matter, tends to have its nuclei 


It will 6 o n o t e d that mass is ascribed to gamma rays in the -subject 
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shot out h7 fast neutrons to form protons 5 moreover it captures slow 
neutrons to form deuterium in which process gamma rays are emitted. 
Again, in the case of sodium, there is often the reaction: 


“ ll^a^ * This form of sodium is radioactive 
emitting beta particles^ Nitrogen I4 may beccane C-*-^ with emission of 
a fast proton when struck by neutrons. In similar manner, radioactive 
isotopes of phosphorus, sulfur, calcium and other elements may be 
fonned. The result of this sort of thing is that the effect of neutrons 
in tissue is greater than comparitive ionization figures, as measTired 
in instruments, would Indicate. Thus biologic effectiveness is rated 
at from two to ten times as great as that of gamma r^s or even more, 

depending on the tissue cOTicemSd^ fhe average ihrooairo - is usually 

A 

placed as about a five times factor at the present time and this . 
figur e a pp e a rs -likely ^ -bensevised upwar d . 




PROTONS i-0 0 76 f ^ 

These are identical with hydrogen nuclei and, although not of 
biologic importance in atomic bomb explosions, natttral radioactive 
decay or pile operation, they are encountered in the course of 
scientific work and are produced secondarily in tissue by neutrons. 

They are potent ionizers by reason of mass and charge and will 
penetrate well if of high energy. In fact, it is hoped that they may 
someday have therapeutic applications since there is a marked gain in 
ionizing power as the speed of the particle lessens, in accordance 
with the Bragg effect described in the case of electrons. Some figures 
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are interesting here: Penetration to a depth of 10 cm. is possible 

with an energy of 115 mev. During the last centimeter of travel, 
ionization is six times that at the surface, and in the last half 
centimeter, 16 times that value. 

It will be noted that the proton has a trifle less mass than the 
neutron. This correlates with the fact that 1 mev energy must be 
supplied to make possible the change of a proton to a neutron by 
emission of a positron and that neutrons by themselves are probably 
unstable . 

DELTA RAYS 

A number of secondary electrons produced by ionization have 
sufficient energy imparted to them to produce ionization themselves. 
Thus an electron ionization track will often show little offshoots 
vhere such has taken place. The subsidiary ionizing electrons which 
form these tracks, constitute the delta rays. 

BREMSSTRAHLUNG RADIATION 

When charged particles such as electrons near the end of their 
coTirse in an absorption medium, irregularities occur and it can be 
noted that the absorption curve straggles owing to the final rapid 
deceleration or "brsLking" effect whereby the last energy is converted 
into soft gamma rays. These soft gamma rays are often spoken of as 
Brems s trahlung . 
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Coming nw to the medical and biological application of radioactive 
isotopes we find that such employment takes two main directions. First, i 
there is the application to patients for therapeutic and occasionally 
diagnostic purposes. Then there is use in research, tisuaUy tracer 
methodology. In addition and as a sort of adjunct to radiation safety 
and practical applications, there are numerous studies involving the 
toxicity and metabolism of the isotopes themselves. Considering the 
first, it is natural to entertain the hope that perhaps an isotope may | 
be found that will act as the magic weapon with which to conquer cancer 
completely, once and for all. Such, however, has not been found and it 
may well be that this complete measure of success will continue to I 

elude us. There are several inherent dif f icxilties . Th>ese are related 
to a sufficient degree of selective absorption of the particular elements | 


concerned, convenient and effective types of radiation, suitable half 


life and relative freedom from toxic effects, mm must also consider 
radiological hazards and precision in dosimetry. Administration of 
radioactive isotopes in a proper manner calls for much specialized 
knowledge, skill and training. Accordingly in the United States, 
hospitals or clinics desiring to obtain isotopes for clinical use, 
are reqtiired to have a supervisory ccanmittee ccmposed of experts in 
internal medicine, hematology, radiation therapy and radiation physics. 

Isotopes most frequently used in clinical practice are 

and Na^* As is well known, certain thyroid tmors have a 

‘ ISl 

selective uptake of iodine smd so are favorably affected by I . 
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others do not, so that careful selection and preliminary studies with 
tracer amounts are requisite. Certain cases of hyperthyroidism and in 
particular those in which stirgeiry is contraindicated or not acceptable, 
are also amenable to this form of therapy. Again in certain cases of 
coronary heart disease where lessened function of the thyroid is desired, 
may be the method of choice in accomplishing this. p32^ as is well 
known, has beneficial effect on a number of neoplasms and has been vised 
in cases of lymphoma tons tumors, levikemias, polyeythemia and occasionally 
by local application for skin lesions. A considerable generalized effect 
on all blood forming cells is a drawback in most instances, and, in many 
cases, conventional x-ray therapy answers equally well or better. Once 
more, careful selection of cases and appraisal of all circumstances are 
essential. Na^^ is useful as a diagnostic tool in studying circulatory 
disorders. Finally, before leaving this aspect of isotope utilization, 
it should be noted that may eventually prove very useful as a 


and often spectacular, but it is quite likely that the more slow and 
toilsome applicatiwi of radioactive isotopes to biological research 
will yield the most benefit. The ability to trace important elements 
and the chemical molecules or radicals to which they are attached is 
naturally a great asset, and that is vAat the use of radioactive 


isotopes as tracers makes possible. |A11 this is a subject for chapters, 
if not volumes, but it is appropriate to mention a few salient features 



These therapeutic and diagnostic uses are of course most interesting 


here. 
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Methods of application include rate of appearance and disappearance 
of the radioactive elements along with qxiantitative radiation studies of i 

tissue, tissue fluids and excretory products. In addition radioautography ! 

I 

I 

is extensively employed and it is often of great value to use radioactive I 

I 

tracers in partition chromatography. | 

Amongst the matters elucidated we can enmerate some that are very 
interesting and important. The concept that all body tissues are in a 
constant state of flux or ’’turnover" has been greatly amplified. The 
status of chemical bonds in organic ccanpounds is being clarified and we 
find that certain bonds usually thought of as closed are in reaility 
often open in the living cell. The transfer of water and solutes is 
becoming more accurately determined. 

The constant recycling of CO^ has been demonstrated and it is 
evident that CO^ plays a more complex role than formerly believed. 

Radioiron is being used to study many problems involving erythrocytes 
and the metabolism of haemoglobin. Radiosodium is being used in study 
of peripheral vascular disease. Radiocarbon and phosphorus are being 
used in numerous biomedical studies. Radiogallium, which shows 
selective uptake in osteot^ic lesions, is being used in study of bone 
tumors and may prove to have therapeutic application. Radioiodine is 
being \xsed to tag diiodoflourescein to aid in the investigation of 
blood voltme and also in localization of brain tumors. 

Thus new pages in metabolism, diagnosis and therapy are being 
opened and we can expect that the next few decades in medicine will 
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be as brilliajBt and dazzling as those \daich brought us so many triumphs 
in the past. 

All this sotmds very hopeful and of covirse isj but this audience 
I am sure is interested in problems euad shortcomings and so let us take 
a look. 1 

GenersQ. difficulties arise from the lack of isotopes with 
characteristics we would like. Oacygen, Nitrogen and Magnesium lack 
isotopes with usefiil half life. P ^2 although very usefxil^ is a soft 
B emitter and so is often difficajlt to trace in vivo. C t i has such a 
short life that we can only use it right beside its place of origin. 

S35 is a soft B emitter tooj likewise Fe55. C14 is not only a soft 

B emitter but lasts too long for comfort - over 6000 year half life. 


There are also the matters of dosimety and radi 


a tiott safety. 


These are becoming better known ^standardized. .Certain commercial 
concerns can or will be able to supply well standardized preparations. 
This will be helpful^but special skills, techniques and consultations 
will continue to be requisite and iradiologists should acquire at least 
a good general backgrotind in the problems involved so as to help meet 
them to the best interest of all concerned and retain supervision in 
an important field. 

Radiologicsil safety is very important not only to the patients 
and the supporting personnel but also the doctor concerned in admini- 
stration. There is only one point I would make here, other than the 
routine one of studying carefully the particular solution involved in 
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a given installation. That point is: practice well and l^ei^ thoroughly 

^ -VVUAA^ - 6 ^ 

the techniques'^ involved so as to spare yotarself and-dan W l* #^ lnstaa ftce&_ 

C' 

particularly yoiH* fingers and hands. ' 

Among the problems rela'bed to isotopes an important and recurring 

one is the mat’ter of decision irtiether or not to xise a given isotope 

in a given case. We now have a -Tirtual «nbarrassment of riches as 

to methods of at'tack against certain illnesses. 

Thus in hyperthyroidism there is surgery, x-ray, and thiourAAli 

|/w leucemias we have often to decide between x-ray and P32. In Hodgkin^ 

disease there is also nitrogen mustard. What it boils down to is 

careful stvidy of eases, consultation and preferably presentation before 

f tumor board^or clinical conferences for discussion and^final decision. 

oJUlo^ 

The answers are not yet at hand to permit of dogmatize* 

all-aspeete and a brief general summary such as 'this can hardly go 
beyond a few genersQ. obsejrvations as to factors we should 'take into 
aecount|and among 'these we should consider not oi^ly what seems 
theor3?tically best but ^at modality 'the s'baff concerned has the 
most with and greate^ skill . 

The advisability of s\argery in is of course 


always traditionally related to the age and condition of 'the patient. 
In this regaid it can be pointed out -Uiat there is^less ceill than 
ever for taking chances on poor or dubiotis risks. X-ray versus 
iodine is still another problem. Both can contrj/hypethjrroldism. 



X-ray involves a series of exposures and may entail irritation of 
‘trachea and oesophagus. However, careful technique can 
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tiesx^—r^ 


15 ^ 

avoid or minimize this. Iodine ^is relatively easy on the patient 
but involves a lot of careful work by a skilled steiff. It also 
involves generalized eaqposure of the patient. This may be undesirable 
in reproductive years and partictilarly certain phases. 

Thyroid carcinomas, of course, involve careful evaliiation of 
the iodine uptake and it is interesting to note that there is now 
evidentt-to suggest that promptly -^fizen biopsy material may prove 
suitable for preliminary study of this factor. (Am. J. Clin. Path., 
Sept 1951, W. N. Harsha & B, R. Harsha) . 

"^his may permit of more widespread use of radioiodine in the 


future . 
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In luecemias P32 has been found very useful. Nevertheless, 

A 

in most cases of /ja^gfelo® enouj leucemias and chronic lyn 5 >hatic 
leucemias it is often possible to maintain long periods of palliation, 
ir ability to carry on routine affairs of life, easy and simply by 


x-ray^_) 
fl w 




would note too that very small doses to the area will usually 

A 

suffice in cases and that with such small doses the complaints 

JUL/iX4^ 


of radimtion are seldom of serious concern. 

Hodgkin^disease present$«u» Varied picture* as^to rapidity 
of progress, degree of localization or^ on the other hand, spread, 
preseamfilu. or not of bone lesions etc. we have here a classic 

instance for nice judgment in each individual case. Ify own experience 
leans to x-ray but there are certAinly cases for P32 and consideration 
of nitrogen 
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Polycythemia vera in the past csQ.led for very strenuous 
dosage by x-ray and it appears notM^hat treatment by P32 is easier 
on the patient T .-nBiy dbe in general preferableiF X 


Multiple 


Vw*'l 


also offers possibilities to isotope therapy 


and it is certain that our armamment of helpful isotopes is going to 


increase ^ 


Related to 







we have some new possibilities fran apparatusT"'^ 


It is now possible to pull the electron beam from a betatron or 

oSj^ 

synchotron and we will oe able to obtain beams of high energy protons | 

/ 

nl P 9 We may be able to do some effective therapy with these rays ( 

f ' — 

because of the Bragg effect, I as already noted. 

This brings to mind the vexed matter of supervoltage in therapy. 
Many technical problems are involved and I would only leave as the 
point to be ranembered that the key to all raa ioseti v e effects lies 
in the matter of absorption. Vihere the maximum energy is absorbed 
and that of where the emission effect will be. In other words we have 
to consider: At what depth and in what tissue is the maximum density 

of ionization occurring^ Thatis what we must always think of in 
relation both to tumors we may wish to destroy, normal tissues we 


may wish to spare and and 








conditions very'' v reak to effect . 


Differences in voltage, filtration, distant factors are all related 

V L * if '■ ^ / 

to f^to^ ra tSfe j ^fi gn, to any qxialitative difference in effects 

A A 




believed, "soft" and "hard" rays. 

At this point it is hi^ time to desist and in closing I 
would like to encourage all of us in radiology, and including myself, 
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to take more time to keep abreast of oxir responsibilities in the 

matter of isotopes. They are very much here to stay and oxir help 

oh^r 

is needed on behalf of our patients and colleagues. We need to 
render that help as a matter of enlightened self interest as 
promoting more intimate clinical contacts with patients and staff 
■somethings xdiich we readily tend to lose in oxir specialtjj emd increas- 
ing our professional scope, ability aed xisefulness, and prestige. 

If we should lose contact- ©tit' supervision of th^ field ly default 




everyone will be the poorer thereby. 
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R.W. MD FOOD AI^IMALS 




. Th« \ise of R.W. is in more dubious status them other special 

weapons. Sensational literature has pictured it a fantastically 
potent role and on t he other hand formal reports from the Depai^Ment 
of Defense point up difficialties. The former gives an inqjression 
that with remarkable ease a city can be made uninhabitaKLe in prepetuity 
The latter indicates that it is not so. It is pointed out in the 
more sober reports that desirable agents must compete for production 
with essential fissionable material or be extracted with some 
difficulties frcmi waste fission products from reactorsj that the 
fission products frcan a nuclear reactor are a mixture of elements 
many of which do not have profitable radiation characteristics or 
are short lived. In general the elements we wish to use must be 
constantly replenished and involve difficulties in suitable delivery 
and distribution. Limitations are pointed up the Favy's experience 
at Bikini where access to heavily contaminated ships was made 
relatively early. 


*i Not cleared for publication. Unclassified material extracted 
from CEBAR, 



Iwertheless it must be conceded that R W. can prove an 
important harassing factor. It can interrupt production, deny 
profitable access to important areas and conduce to panic and 
disintegration of morale. It could also necessitate expensive 
and time consuming decontamination. 

Direct and immediate effects of R.W. as an anti-personnel 
agent are not important. Still less would direct effects on live 
stock be a matter of seriotis consideration in comparison with effects 
on humans. In fact it would not appear at all likely at first 
glance, that R.W. would be employed against our food animals. 
Nevertheless the matter can not be summarily dismissed. 

An attack by R.W. agents that wovdd contaminate large 
numbers of animals in stock yards and the stock yaixis themselves 
would be very embarrassing and troublesome and might tempt an 
enemy. It would pose difficult problems as to the care and 


disposition of the animals affected and^ccasion serioTis losses. 
In meeting such a situation, precise local details would vary 
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and call for various specific measu-es, which could hardly be 
specified in detail here. It is better to indicate general operating 
principles from which details of action can be derived in accordance 
with accepted levels of radioactivity related to human safety* 

First it can be said that probable levels of radioactivity 
would not produce rapidly lethal effects i.e. deatV' within 24-28 hours. 
This statement might conceivably be subject to modifications in a 
closely related type of attack. What is roferrei to here is not R,W. 
as such but incidental radiological exposure from an A bomb attack 
especially in the form of an underwater burst. The deluge of radio- 
active water might affect huge numbers of animals in certain localities. 
An underwater burst is not apt to be considered a profitable military 
investment in most places but might be attempted wherever extensive 
bodies of water are convenient. 

In general and as already mentioned the levels of exposure 
in R.W. are not at all likely to be high. Nor would the animals thus 
exposed be necessarily rendered unfit for human consumption bocaxise 
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: 0 f radial#! effects. However* 
ooncelrsing: 

Monitoring* C. 

S-'fetjr standards both for use of the aniiSai'S 
and %pse processing %hem, 

Decontaiiffihation possibilities,, 

HetabOliO OchsideratiOhs . 

The’v agents Ij^eJ^-tb be used are Sjiiblect tO cOn^ecturO anS 
might be in any one Of l&^ee gOheral OdtO^riOs : (4) OrOdO fissiOh 

jpnodnots ffeom a ht^lear reaet®r| W OlemotdiS e#raOioi fissiOn 
products , (c ) eldttents porposoly made for the porpose * 

Crude fission produOtS would involve a variety of S j'eaiitters* 
The latter two categories would be more apt to comprise energetic y 
knitters . 

Early decontamination would be important and helpful even 
if not completely effective, 'Simple hosing down and use of dip 
methods would carry off excessive and dangerous amounts and make 
possible slaughtering either at once or after a delay to permit 
further lessening of radioactivity. There is no precise data on 
this but it appears a reasonable expectation. 
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In the event of exceedingly heavy exposures such as might be 


anticipated from nuclear bombs, early slaiophter might be considered 
in some instances. It should anticipate serious radiation illness 
and accordingly take place within a week to ten days. Monitoring 
data wo^^ld indicate the basis for such consideration and the degree 
of special protection or care requisite for slatighter house em- 
ployees. It woxild also indicate practicability by giving a measure 
of the expense and trouble and danger involved versus the value of 
the meat p**oducts. 

However, since the animals must be killed and handled in 
any case it would seean that it would involve little more hazard to 
hose them down or dip then kill them and promptly freeze the 

■■ ■ - .'.Si 

carcasses. Refrigerators set aside for hoavey contaminated carcasses 
could be allowed to retain them until radiation has subsided to the 
point yheTQ hides can b© removed etc. a^ety,,: 

As a fundamental principle we shoxild not resort to prompt 
destruction and burial of all contaminated animals. Such an outcome 
might readily transpire under conditions of stress, excitement and 
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hasty judgment, and is not at all 


necessary. There should be careful 


evaluation of the situation. 


The question natxirally comes up here as to whether the meat 


of contaminated animals would be safe to eat. The answer is in the 


affirmative with some qualifications which will be mentioned later. 


This favorable answer is implicit in the nature of the contaminating 


agents and the metabolic factors involved. 


A groat deal of work has been done on the subject of the 


metabolism of radioactive isotopes and is best summarized in tables. 


The table prepared by J. G. Hamilton is pertinent here. 


SlM'iAEY OF THF M^ABOLIfil OF THB PRE^CIPAL MEMBERS Or THE LOFG-LIVEJ 
FISSION PRODUCTS AI’D PLUTOFIlTiI IN THE BAT AFTER PARENTERAL AND ORAL 

AK'IINISTRATION 


Accumulation 




Fission 

Oral 

Principal Organ of 

Rate of Elimination 

Radioelement 

Half Life 

Yield 

i%) 

Absorption Retention 
(?) (?) 

From Principal Organs 
of Retention 

Strontium 






Sr^^ 

90 

53.0 days 

4.6 

5-60 

70 (bone) 

-n 200 days (bone) 

Sr 

Barium 

25.0 yr. 





Iodine 

12,8 days 

6,1 

5-60 

60 (bone) 

>50 days (bone) 

1 I 3 I 

8.0 days 

2.8 

100 

20 (thyroid gland/) 30 days (thjnroid 

Cesium 





gland/) 


3?.0 yx. 


100 

45 (muscle) 

15 daj'-s (muscle) 




Accmxilation 

Fission Oral Principal Organ of Hate of ^iminatior 
Yield Absorption Retention From Principal Orgar 

Radioelement Half Life {%) {^) i%) of Retention 







Yttrium 

y91 

57.0 days 


f<0.05>‘ 

65 (bene) 

Lanthanxm 

40. 0 hr. 

6.1 

<0.05 

70 (liver) 
30 (bone) 

Cerium 


28.0 days 

5.7 

<0.05 

50 (liver) 

Ce^44 

275.0 days 

5.3 

0.C5 

25 (bone) 

Praseodymium 

Prl43 

13.8 days 

5.4 

0.5 

35 (liver) 
50 (bone) 

Element 
6 iU7 ' 

3.7 yr. 

2.6 

<0.05 

55 (liver) 
35 (bone) 

Zirconium 

Zr95 

65.0 days 

6 >4 

«i0.05 

35 (bone) 

Columbium 

Cb'» 

37.0 days 

6.4 

<0.5 

30 (bone) 
25 (blood) 

Ruthenium 

Rul03 

42,0 days 
1.0 yr. 

3.7 

0.5 

0.05 

3.5 (kidneys) 

Tellurium 

To127 

90,0 days 

0.033 

25.0 

15 (blood) 

Tel29 

32.0 days 

0.19 

25.0 

6 (kidneys) 

Xenon 

Xel33 

5.3 days 

4.5 

Distribution proportional 


bodyj 

half tine in body, : 

Plutonium 

Pu239 

2.2 X lo4jrr . . . 

0.007 

75 (bone) 

Another table prepared by Behrens in 

At'mic Medicine may 


^ 500 days (bene) 
10 days (liver) 

25 days (bone) 

10 days (liver) 

100 days (bone) 
10 days (liver) 
ji^lOO days (bone) 
10 days (liver) 
100 days (b'-^ne) 

;-'100 days (bene) 
30 days (bone) 
1 day (blood) 


20 days (kidneys) 

15 days (blood) 

15 days (kidneys) 


2 yr (b''ne) 


helpfuls 
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TABLE OF METABOLIC FEATURES OF IMPORTAJT' RADIOACTIVE ISOTOPES 


Element 


A 

Radiation 

Absorption 

Localization 

Elimination 

14.8 hrs 

Na 

24 

Beta, gamma 

complete 

general 

rapid 

14.3 days 

P 

32 

Beta 

excellent 

bone and some 
general 

few weeks 

180 days 

Ca 

45 

Beta, gaunma 

moderate 

bone 

slow 

55 days 

Sr 

89 

Beta 

excellent 

bone 

slew 

25 yrs 

Sr 

90 

Beta 

excellent 

bone 

very slow 

57 days 

Y 

91 

Beta 

poor 

bone 

very slow 

65 days 

Yr 

93 

Beta, gamma 

poor 

bone 

slow 

55 days 

Cb* 

93 

Beta, gamma 

slight 

bone 

slow 

42 days 

Ru 

103 

Beta, gamma 

poor 

kidney 

few weeks 

1 JT 

Ru 

106 

Beta 

poor 

kidney 

few weeks 

90 days 

Te 

127 

Gamma (soft) 

moderate 

kidney 

few weeks 

32 days 

Te 

129 

Gamma (soft) 

moderate 

kidney 

few weeks 

8 days 

I 

131 

Beta, gamma 

complete 

thyr id 

month 

2 yrs. 

Cs 

134 

Beta, gamma 

complete 

muscle and 
general 

fairly rapid 

33 yrs. 

Cs 

137 

Beta, gamma 

complete 

muscle and 
general 

fairly rapid 

12,8 days 

3a 

140 

Beta, gamma 

good 

bone very slew 

40 hrs 

La 

14c 

Beta, gamma 

poor 

cane an-i .Live:’ 

few weeks 

140 days 

Ce 

140 

Gamma (soft) 

poor 

bone and 1:1 ver 

slow 

28 days 

Ce 

141 

Beta, gamma 

poor 

bene and liver 

slow 

300 days 

Ce 

144 

Beta 

poor 

bore end li^er 

slow 

13.5 days Pr 

143 

Beta 

slight 

bona and liver 

slow 

3.7 yr. 

111 

147 

Beta 

poor 

tf'110 and liver 

slow 

140 days 

Pc 

210 

Alpha, g.amma 

good 

kianoys 

slow 

1590 yrs. 

Ea 

226 

Alpha, gamma 

good. 

bone 

virtually 

pei^-’anont 

4.5 X 10' 

Dr 

23s 

Alpha 


lur.gs and 
kidneys 

slew 

24 X 10^ 

Pu 

239 

Alpha 

very poor 

lungs and 
bene 

virtually 

permanent 


NOTES: (1) Poorly absorbed isot- pes nay dmage the gastro-intostinal tract 

dtiring passage if in s’oi'ficient concentration. 

(2) Poorly absorbed isotopes tord to be retained in the lung, if 
and when they gain access. 

(3) Retention in bones is usually a matter of months, appr .aching 
a year or more in the case of Sr and becoming virtually per- 
manent in the case of Ra and Pu. 

(4) Liver retention is about 1C days in experimental animals and 
kidney retention about 20 days. 

« Cb now Nb (Niobium) There is alsc a 33 day Nb (Bts) derived from 65 d 
Zr (Bt< ). 
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It will be seer fr'm this that the long lived isotopes are 
mainly bone seekers except that there is also predilection for the 
liver and kidneys in seme instances | also the thjToid for iodine. 

The main point is that the m\iscl3s, which are of principle importance 
from a food standpoint do not harbor the radioactive materials long. 

The isotope which favors muscle is Cesium and it turns out that the 
element is quickly disposed of. 

The conclusion to be drawr^ is that the meat products we are 
chiefly concerned with- would bo safe in anjr event. The liver, 
kidneys and thyroid would be suspect but could be made the object of 
delay under ro.frigeraticn and monitoring. In general it would bo 
possible in any event to store meat in cold storage for considGriblo 
periods to diminish radiation. 

The hides, of course, w uld tend to retain more or less 
contamination. These too could be stored to let time get in its 
work and be subjected to mcnitc'ring and if appropriate decontamination. 

The bones cf animals are, of coTirse, an important consideration 

90 

and such long lived isotopes as Sr linger a long while. However, 
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human consumption is not involved md the main factor wfuld be 
safety of the people employed in processing them. It is doubtfxO. that 
dangerous or unacceptable radiation levels would result from use in 
making fertilizer and bone meal products. 

One pr'-'blem might be mentioned here that is only indirectly 
related to R.W. (in that ionizing radiation is involved) . It is 
qviite conceivable in a c'-nventional air burst we may have many animals 
who have been subjected to serious and perhaps lethal am unts of 
radiation. Such animals are due to f-’ll ill and perhaps die chiefly 
in the second and third weeks. No significant contamination is likely 
to be involved but the question x»dll come up as to whether or not 
products from such animals are fit to use. Here the answer is 
definitely in the affirmative provided the animals are slavightered 
before they become serictisly ill. Once serious radiation illness 
develops there will be poor nutrition, hemorrhage and severe infections. 
These would occasion rejection. 
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This gives much of the general background. It serves to 


indicate that wo do have a problem here, worth careful thought. 

It could well be that in an econ'my of abundance, many people will 
react bj'- saying "why bother". However, serious numbers of animals may 
be involved and meat is no longer superabvindant. It is precious and in 
addition many by-products can ill be spared. There economic, 
nutritional and medical aspects are involved. 

As already noted much research has been d-'ne on the metabolism 
of radioactive isotopes but in spite of this bodj’- of information we 
find in these discussions that we are dealing with possibilities 
concerning which direct experience is lacking. 

It therefore becomes a proper matter to suggest serious thought 
to making tests on experimental animals in vdiich probable conditions 
resulting from R.W. attack are reproduced. Studies coiJld then be 
made of the practical radiological safety problems involved in the 
utilization of contaminated animals for food. These problems relate 
largely to the safety of the stock yard and slaughter house workers. 
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SUMMAR.Y MD CONCLUSION 


1. R.W. has inportant possibilities related to the animal 
industry tdircugh possible involvement of large numbers of ani-Hals in 
the stock yards. 

2. Levels of c'ntanination and exposure might reach substantial 
levels but would not be rapidly lethal and seldom lethal at all 
except very remotely, 

3. Contamination and expostu-e could be considerably reduced by 
hosing down or dipping procedures and use of the time factor . 

4. It should not be assvmed that cc ntaminated or exposed 
animals are unfit f~r human consumption and destroyed without careful 
review of circumstances and monitoring data. 

5. Meat in nearly all instances would be safe t' use. Holding 
in cold storage can be employed whenever necessaiy or advisable. This 
would probably apply only to glandular organs, particularly kidneys, 
liver and thyroid but could bo extended to whole carcasses. 
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6. Practical problems wculd largely involve radiological safety 


factors related to handling and slai.ight3ring animals and effecting 
some measure of decontara: nation and preventing any mechanical con- 
tamination of meat. From the standpoint of safety of workers, it 
would be possible to let anmals "cool off" before ala\ightering when 
it is unlikely that animals are likely to fall ill. 

7 . Heavy contamination of promptly lethal magnitude wotild be 
unlikely from R.W. but night result from an underwater biirst of an 
atonic bomb. Problems would be more severe but careful monitoring 
and c'^nsiderntion of circumstances might indicate possibility of 
utilizing exposed animals in many instances. 

8. Farly slaughter of animals heavily exposed to initial nuclear 
radiation (/and neutrons) from an air burst is admisable. Contamin- 
ation problems would not be present in this case. 

9 . Research on practical problems of handling contaminated food 
animals is suggested. 
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Befcre closing it might be noted that pets and stray ani-ials 


may prove a minor problem if contaminated. 

Provision fr'r mcnit-^ring, r-'toniing up strays, segregation 
and decontamination is advisable. 

Hasty decision to destroy all contaminated pets should be 
avoided. Most can be saved and unclaimed strays would bo very 
valuable froiri the standpoint of radiobiological study. They shoxild. 
be made available to experts in that field. The results of such 
study would aid greatly in estimating the liability to radiological 
injury of people exposed. 

It should be noted in this regard tbat in many localities 
there are legal obstacles to such action. Animal pounds are required 
to destroy unclaimed strays after a given period and are often for- 
bidden to make them available for medical purposes. 
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CASUALTY ESTIMATES 

Ifany elaborate tabulations have been made and are 
readily avaiable in government publications and also books 
and articles. In general they are derived or (to borrow the 
popiilar term of the physicists) extrapolated from the records 
of Hiroshima and Nagasaki in Japan and from the satixration 
bombings of Tokyo, Berlin and Hamburg. They are also based on 
probable zones of destruction and by using overlays marked with % 
we can calculate probable casualties. 

The current Civil Defense brochure gives detailed tables. 
Admiral Greaves in his chapter on hospital and public health 
problems in "After the A Bomb" elaborates further on the matter 
and provides a set of tables. 

All these, of course, involve uncertainties and it is 
well to review in some detail the factors which make for 
imcertainty and see what we can do to evaluate them properly. 





With a normal (20 KT) bomb, Admiral Greaves estimated effects 


f- ' 
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It 


on casualties as follows with, however, the proviso that we 


should beware of optimism in estimating our needs. 

1 / 

ESTIMATED VALUE OF WARNING 


Distance 

Deaths 

Siarvivinff Casualties 

Unin.iured 

0-^ mile 

81 to 67.5 

19 to 22.5 

0 to 1056 

^ mile 

45 to 27 

40 to 23 

15 to 50 

1-1^ miles 

15 to 5 % 

40 to 25 

45 to 70 

1^-2 miles 

2 to 156 

18 to 9 

80 to 90 

2 - 2-|- miles 

0 

10 to 5 

90 to 95 

2|- - 3 miles 

0 

5 to 1 

95 to 99 

3-3^ miles 

0 

1 to 0 

99 to 100 

^ Based on Table 1, Page 22, 

'•After the A Bomb” 



Figures such as these have to be taken as indicated by 
the author without too much optimism. Yet the nature of casualties 
from atomic weapons is such as to suggest a high value for sxifficient 


waniing time. 



RESTRICTED 
SECURITY INFORMATION 

Naturally in the zone of virtually complete destruction 

people tend to be killed many times over ly lethal amounts of 

Direct heat and also flash 
Ionizing radiation (•jf'and neutrons) 

Crushing injuries 

Within a radius of half a mile - (3000-3600 ft) there 
are serious and lethal effects from flash and from ionizing 
radiation (TO so that people exposed in the open have little 
chance of survival. When you consider that up to 6 O 56 of the 
casualties will be from flash bxims and another 15-20^ from 
ionizing radiation, it becomes evident that the ability to get 
into some type of shelter will prevent many castialties even 
granting that the casxialties from crushing trauma and flying 
missiles of one description or another will take a heavy 
toll. Also that some of the people we have saved from burns 
may well fall victims to radiation illness. 

Admiral Greaves figures that with a normal bomb and 
assxjming a popxjiation of 120,000 within 5 miles of ground zero 
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RESTRICTED 
SECURITY INFORMATION 

"that warning should reduce deaths from 21,400 to 15 >075 
(17.8 to 12.5/f); injured from 20,800 to 12,825 (17.3 to 10.7%) 

A lengthy warning such as would permit of depopulating 
congested areas would obvio\isly reduce casualties well beyond 
those tab\3lated. Accordingly, warning becomes a most important 
element, and one worth expenditure of much time, effort and money 
Wiitnho-r nf Rombs . A s\JiTrise attack on a small scale 

would bring heavy reprisals on an eneny just as surely as a 
heavy attack and it follows that we must expect an enemy, if he 
is going to attack at all, to do his best to overvdielm us and 
saturate our defenses with his first blow. 

It is well known that we have a ccmsiderable stock pile 
of A bombs - which spell ability to retaliate heavily. Thus an 
attack on us would be predicated on ability to hit us extremely 
hard. That means that the effort would certainly be made, to 
hit our large targets with a number of bombs and very likely 
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RESTRICTED 
SECURITY INFORMATION 

combine Chemical Warfare and perhaps Biological and Radiological 
Warfare as well. 

Radiological Warfare might not be conducted as such but 
incidental to a drop into an adjacent body of water or covert 
planting of a bomb by a merchant ship. A subsurface burst would 
entail a huge radiation hazard involving vital shipping areas. 

At all events we might expect a number of bombs combined 
with other weapons something as follows: 1 A bomb for each 

5-10 sqmre miles plus one or more subsiarface harbor biarstsj 
Chemical Warfare with nerve gases and possibly mustard; Biological 
Warfare by sabotage. 

Power of Bombs . Without resort to the entirely speculative 
and problematical use of the thermo nuclear type of reaction in- 
volving the combination of lighter elements to form Helium, it 
is possible to raise the power of fission bombs to 100 or more 
K.T. equivalent. 
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RESTRICTED 
SECURITY INFORMATION 


P ' 

,r\.. 


The decision, which to use, will probably be related to 
the number of bombing' planes an enemy thinks he can put over the 
targets. Ordinarily a number of smaller bombs can cause more 
damage than a single large one. 


Scaling laws give us the following: 

Blast - Proportional to cube root (8 x to double effect) 
Thermal - Direct proportion (double will double) 
Ionizing Radiation - Roughly proportional 
Area and over all damage and casualties - Proportional 
to 2/3 power of energy release 




Doubling energy will increase general effect by 60^. 


However, the range effect is less. 

Figuring on a 100 K.T. bomb, range for thermal and blast 
effects is only increased 70^ and ionizing radiation 30^ - this 
for a 5X increase in energy. Naturally, however, within the 
range of effective action damage and casualties will be more 
severe . 

In general it would appear that an approximation to the 
nominal 20 K.T. level of energy is qviite likely and as regards 
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figures it is probable that the present estimates on conventional 
air bursts are fairly realistic. 

Manner of EmpInfVTnftnt . Air bursts at an elevation of 

approximately 2000 ft are most destructive and it is assumed 

that this will be the favored mode of attack. Nevertheless a 

subsurface harbor burst co\Jld impede shipping and navigation 

and might tempt an enemy on that score. 

Subsurface bursts would greatly decrease blast and 

thermal effects but produce more radiation casualties. After 

on hour, Bikini measurements indicate 400 r/hr over a radius 

of slightly more than half a mile (approximately 3000 ft) as 

the likely s\irface contamination; 50 ”r" at 2, miles and 10 r at 

3^ miles. Thus one cotald readily walk to safety over such an 

area without receiving dangerous amoxint. 

/ 

Contamination by the base surge and fall out, in such 
cases would produce total dosage of 8000 r over a radius of 
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2 


3/4 miles, 1000 r over about 13/4 miles, 400 r over 2i miles 

and 100 r over 3i miles ( all downwind). Half of the exposure ^ 

would be received in less than 30 minutes. Accordingly, people 

within a 2 mile radius downwind and subject to gross contamination ; 

would have little chance to survive unless they received almost ■ 

^mediate decontamination. From about 2 miles out downwind they 


would receive amounts ranging downwind from about 400 r in a 
half hour. This gives an idea of how prompt decontamination 
would have to be in order to prevent dangerous or lethal 


exposure. Fortunately, plain showers will take the bulk of 
radiation off. The important thing is that those drenched 
should not be regarded as beyond hope. Quick access (and it 
must be quick) to showers will save most lives. Another important 


factor will be protection afforded by clothing - particularly, 
of course, water proof clothing. The radioactive fission 
products are F“ / emitters which means that the B radiation 
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will be largely screened out by the clothing. However, all 
contaminated clothing must be discarded promptly. 

Since the prospect of subsurface harbor bursts produced 
either by drops or else the covert activity of enemy merchant 
ships is not all unrealistic, it is proper to consider decontam- 
ination facilities and clothing supplies a very real element in 
Civil Defense . 

The value of even a short delay in emerging from shelter 

or entering the contaminated area is pointed up in the reduction 

to less than half in 30 minutes. There is actually a factor of 400 to 1 
in the interval between 1 and 4 minutes (par 8.93, page 281, Effects of Atomic 

Weapons) . 

The casualties to be expected from such a contaminated 
area will be predominately radiologic and will depend to a very 
large extent on the number of people within the 2 mile' radius 
(downwind at 5 knots) caught in the open, or in habitations 
where breakage of glass and damage to buildings permit of gross 
contamination. Exact estimate is veiy difficult but if we 
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consider about 10,000 people per square mile we come up with 

about 5 square miles where immediate danger from intense 

radioactivity is to be reckoned with as endangering 50,000 people. 

Of these a good many would be protected from gross contamination 

but it would not be amiss to count on at least 10,000 to 15,000 

cases of gross dangerous contamination who woxiLd require prompt 

decontamination and close observation, A large proportion, at 

least half, would be candidates for serious radiation illness. 

Warning and advance preparation would pay large dividends here. 

State of Weather . Heavy weather, rain, fog, mist and 
snow would greatly diminish flash casualties, and slightly reduce 
shock from blast. Fall out might be increased although it is not 
expected that this would prove more than a nuisance factor, i.e., 
it wo\ild not be in the casTialty producing range. 

TIttir of Day . The day time brings maximum population 
to urban areas and the greatest havoc among workers would result 
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from exploiting the hours for changing shifts. However, it is 
not likely that an enany can pin the time down too precisely in 
view of the thousands of miles to traverse on the bombing raid. 
Night time and dirty weather may be utilized to provide the best 
opportunity for most planes to get through. 

Types of Building . Enormous differences are involved here 
and involve detailed analysis in the individual cities. Many 
ordinary brick structtires will prove nothing but traps and once 
more the importance of warning and opportunity to seek substantial 
structures becomes obviously important. The effect on casualty 
reduction resxilting from better type of structure, is really 
included in the '*warning time reduction" since the warning enables 
people to disperse or find better shelter. 

Organization of Civil Defense . The organization of a 
proper Civil Defense is what can be expected to make huge dif- 
ference between Japanese losses and any we may have to incur. 
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This is the subject of the whole general consideration 
and it is only pertinent to state here that obviously, good 
results in preventing and caring for casualties can only flow 
from - 

Adequate plans 

Good organization with well and properly 
defined lines of authority 

Good logistics 

Well trained damage control and rescue squads 

Virtually universal first aid instructions 

Special provision for the mass care of all types of 
casualties is of extreme importance; shock teams, surgical teams, 
bum teams, radiation teams, streamlined and economical methods - 
should all be planned for, organized and trained in advance. 

In the midst of all these variables we are faced with 
the need of some sort of estimate for cities to plan by realistically . 

The preceding gives some notion but perhaps it can be 
pinned down further as related to total population. 

As a starting point for minimtim preparation we might see 
how we come out in the matter of casualties, as related to total 
population and assuming advance warning. 
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The tabiilation that follows is calculated from Admiral Greaves* 


percentages for casualties when there is advance warning and based on 


a Poptilation Density of 15,000 per square mile with warning. 


Radius ' ^ea 

Zone Zone Killed In.iicred Ifolnjured 


Miles 

So. Miles 

Population 

% 

Number 

% 

Number 

% 

Niaaber 

0.5 

0.25 

3,750 

■67.5 

2,531 

22.5 

844 

10 

375 

0.5-1 

2.89 

43,350 

27 

11,705 

23 

9,970 

50 

21,675 

1.0-1. 5 

3.93 

58,950 

5 

2,947 

25 

14,738 

70 

41,265’ 

1. 5-2.0 

5.50 

82,500 

1 

825 

9 

7,425 

90 

74,250 

2. 0-2. 5 

7.07 

106,050 

0 

0 

5 

5,303 

95 

100,747 

2.5-3 

8.63 

129,450 

0 

0 

1 

1,295 

99 

128,155 

3 t 

- 

- 

0 

0 

0 

0 

100 


TOTAL 

28.27 

424,050 

4 . 255 s 

18,008 

9.33 

29,575 

86.41 

366,467 

(for 3 mile radi\is) 









The tabiilation vdien worked out 

as above gives 

us 18,008 killed 


and 39,575 injxired making a total of 57,583 for a population of 


424,050 contained in a zone of 3 miles radixis. 


This is based on a population density of 15,000 per square 


mile. A tabulation of cities is as follows. (From Atomic Disaster 


Planning by 0, Schneider and E. R. King in '* Atomic Medicine”, page 
212, as of 1939 - 40 .) 
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Poprolation Densities 
United States and 
Japanese Cities 

Population 
Density per 


City 

Population 

Area Sq. Mile 

Sq. Mile 

New York 

7,492,000 

322.8 

23,200 

Manhattan (day) 

3,200,000 

22.2 

145,000 

Manhattan (night) 

1,689,000 

22.2 

76,000 

Bronx 

1,493,700 

41*4 

34,000 

Brooklyn 

2,792,600 

80.9 

34,200 

Queens 

1 , 340,500 

121.1 

11,000 

Staten Island 

176,200 

57.2 

3,000 

Washington 

663,091 

61.4 

11,000 

Chicago 

3,396,808 

206.7 

16,500 

Detroit 

1 , 623,452 

137.9 

11,750 

Ssin Francisco 

634,536 

44.6 

14,250 

Hiroshima 

340,000 (1) 

26.5 

12,750 

Center of City 

140,000 ( 2 ) 

4.0 

35,000 

Nagasaki 

250,000 (1) 

35.0 

7,000 

Built-up Area 

220,000 (2) 

3.4 

65,000 


(1) Prewar 

( 2 ) As of 1 Aug 1945 


It will be seen from this that there is marked variation 


in cities and in different portions of the same cities. Never- 


theless it would appear that assuming a warning, we shoxild plan 


on a minimum of 15% of a given population being casualties of 
which 10% will need hospitalization and 5% vd.ll be dead. 
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It would be plausible to assume that an enemy would not 
space bombs farther apart than 6 miles if he wants to knock out 
a city. He might place them closer, of course, causing an over- 
lap but reducing the overall area. The effect of this, however, 
would be to increase casualties. However, a city well covered 
on a 3 mile radius basis would experience great difficulties or 
delay in becoming fxmctional again. 

At all events it woiold seem that a figure 10^ of the 
total popxilation for injiired personnel would seem an absolute 
minimum and probably too conservative. 

In view of possibility of "no warning" and other complications 
• \ 

it might be well to double this. Then we would have to provide for 
casualties amoxmting to 20% of the population of a given target area. 
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MEDICAL CO»C®«S EASTEEK SSA FROHTIM 






Th« inportanee of ttie Eastern Sea Frontier In present day 
nayal operations has been eisphatloally emphasised and clarified 
by Admiral Badger and other maaibera of the Staff. The medical 
concerns naturally reflect the general importance and functicming 
of ibe Eastern Sea Frontier into medical channels. Medical 
matters are a vital el^«3t in logistics planning and it follows 
that the Gcaraander and his staff should have readily available a 
medical officer. 

a 

Aside from planning there may at aigr time, due to war and 
other emergency, be need for aid or intervention to prevent or 
remec^ overloading of any particular units and make certain that 
patients are being accosmtodated efficiently and safely | also without 
waste of manpower, money or material. As we shall see econoit^ of 
means is of extreme inq)ortance in the medical field today. 

The matter of support and supply present in general huge 
problems. So heavy are the efforts required that at times it 
would seem that the tall Is wagging the dog. This Is an assui^tion 
very readily mde applicable to medicine, because medical matters 
do not tend to seem important tdiec we are not sick or injured. 

It is axiomatie that the major basic concern of all of U 0 
in \iniforra is ecaibat and all that conduces to victory. It would seem 
a great boon if, as in i«*imitive times, all had to snatch up weapons 
and txim to in the fray. It's bean a long long time sinch things 

I 

were that simple} even the ancient H®aans had to deal with extensive 


equipment or iiapedim«ttta| and we find that our fighting men and 
fighting ships can't function without elaborate and intricate 
supporting elements. Eren in the days of wooden ships and iron moo 
the matter of logistics was a prime headache. And if you dip into 
the famous diary of Samuel Pepys and with an eye for something else 
besides his amusing indiscretions^ you will find much to interest 
the Hary man. He was Secretary of the Mary and a good one to 
King Charles II and in his account you will find quite a few references 
to his troubles in equipping and maintaining the fleet and also defend- 
ing the navy in parliament. 

We can note that in the early days surgery was crude indeed 
and the medical provisions required not at all ^tiensive. On the 
other hand death and disease were extensive. In oisr times in our 
Havy and provision is elaborate and costly in tezms of materiel 

and personnel, but it is well worth this cost. It has brotight about 
a great transition from the days even of our Civil l&r when 300,000 
union soldiers died of disease as compared to 95,000 in combat. In 
World War II death from combat topped those from disease for the 
first time. Of the wounded reaching hospitals, 8,35? died in World 
War I and 4*5 In World Mar II, In Korea the rate is about half of 
that. 

The value of this is quite appai^nt in terms of htnnanitarlan 
ccmsideratlons , Value is also there in military terms and is all the 
more Important to us, in that our people represent such heavy invest- 
ments in training. We make skill, initiative, fire power and better 
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vraapons off against nass taotlea. Wa oannot* In the faee of the 
huge manpover of our adTeraaries negleot anything that will conserve 
Otar Manpower, By proospt effective treatment we aim to return as 
Many aien to coabat and avoid evactiaticm and when evacuation is 
necessary anwige efficient transportation. 

Then in aettial operations two main considerations prevail. 
Advancing life saving treatment right up to the front and evacuating 
serious casualties at the earliest possible moment. A third mi^t 
well be added, which although sometimes regarded as a side ahow, 
may make the difference between success and failure of a campaign. 

1 refer to our epidemiological imits tdiioh are designed to deal with 
whatever infection problems are present, A lot of fascinating and 
also distressing medical history can be foxmd on the score of epidemic 
diseases in war and so there can be no doubt but that serious efforts 


nt prevention play a role of extreaae importance. The sinister pos» 
slbilities of BW also point up the need for units trained and equipped 
to deal with infeotioua disease. 


Medical care costs money, requires personnel, takes rxp transport 
space and involves troublesome handicaps to a Gonaander heavily 
burdened with the Immediate problems of iMittles and campaign. Thus 
utmost eooncQQr is needed on that score. We need to do everything 
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The full measure of medical support is not easy to provide. 











hospitals are veil belov the nt&aerical levels desired^ throughout 
the co^jotry In general and no rapid Iffiprorement is possible. Thiis 
when the services mobilise^ the country feels the pinch the 
reserve or civilian doctors dragged away from their practices » view 
their duties and assignments with gimlet eyes and critical disposition. 
The medical associations take a hand too at the same time. 

War is a wasteful thing. When exfansion wi a gigantic scale 
becomes imperative and one can*t crystal ball the intentions of an 
eneny or the duratirac and outcome of campaign, there will be many 
rough spots, painfid. and unavoidable necessities, and sme disatis- 
faotion such of which flares »dien the war crisis is past. 

At any rate, following the war, we were Just about investigated 
to death and I mean that litei^ly because if soae people had their 
way our service medical departments as we know them would have been 
things of the past. 

All this points up the need for good management and eeonos^, 
and also being ready to defend otir service medical departments lest 
hostile criticism result in drastic changes r^inlscent of the old 
proverb about throwing out the baby with the dirty water. A point 
often coming up for argument is the large number of doctors required 
by Ihe services. There are many reasons why the services and in 
particular the Navy needs a much larger ratio of doctors than the 
civilian popialation but ma^jr people are prone to yell "bloody murder" 
^Aen they see the figures and do not bother to look further. They 
note a rough average of 1 doctor to 1000 civilians and 4 to 6 per 
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thousand for tho ssrvlcss and that la eoou^ to cause an explosion 
of wrath, I won’t burden you w5th a full aceoxmt of idiys and where- 
fores but will mention that our "thousand" is first of all a mism^er 
and a gross one. That 1000 represents military strength and not tho 
total people cared for. We have a vast amsy of elril servioe personnel 
who TRuat be given physical exams and are witltled to "on the Job" 
medical care. Our 1000 service people also have dependents vdio 
receive care. There are retired people to care for. We take a rnmber 
of V.A, patients In acme of ow hospitals and so it goes. Again 
ships and stations when remote or isolated can’t be provided for by 
fractionated doctors , dentists and nurses. This naturally "ups" our 
ratio. There are also matters of training, research and administration 
to provide for. Or. Rusk of the President’s Msdlcal Manpower Committee 
reeomraends 3.7A000 ratio. Our plans call for five. With ocnsiderable 
econoB^y we can probably do fairly well with four. 

To proceed than, we find that civilian pressure as well as 
our own logistic welfare calls on us for striking the best and 
most economical balance possible in providing medical support. We 
can well make an addition to the familiar slogan or motto of tho 
medical department vainly to keep our people at the gunsj we can 
add with least possible cost in manpower and material. As Admiral 
Badger pointed out, that is a major responsibility in all our planning. 

Much study and thought has gcae into the matter and it brings 
up one of the most ancient of human problems that of a good flexible 
organisation lAlch strikes a telance between centralised and local 
operaticms. It is easy to lot thlbgs slide and it is also easy to 
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becnme too rigid and poudorouB so that we advance by fractions of an 
indi in Tnilllmeter strides and find roost doeijaents have aged in the 
wood as they are routed via nuswrous desks. Back in the last century 
our British cousins roust have had a dash of that trouble, for ■ttmt 
able and interesting novelist Charles Dickens wrote a satirical account 
of what he called the "CircuniLocutiai Office" which he described as 
one of the main features of govemroent in London. 

Rot <mly governments are affected by ponderous and unresponsive 
overgrowth, but coropiercial companies as well, as many of us know from 
personal experience and it is interesting to note that c«e of our 
largest coiamercial enterprises • one which takes in the vdiole country, 
foxmd itself at a disadvantage in competition with smaller competitors. 
It was too slow and inflexible in action. It met the situation by 
division, not like all(5aTil, into three parts, but into seven, each 
of them practically autonomous in local functioning but integrated 
financially and policy-wide. 

The Havy, of course, has Iwadltionally operated throxj^ 
Independent naval districts, responsible to the Havy Department with 
Its various Iwreaus, Thus local flexibility has been retained in large 
measure, but integration of the work of districts, calla for added 
consideration. Thus we have the Sea Frontiers, These as of course 
you know, are required to effect tois integration of the work of the 
districts, since tasks in support of the fleet and overseas operations 
often transoent ihe scope and power of any single district to accomplish 
or bur«iu to regulate. 
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In mdloal mattara of the Frontier it is necessary to note 
sosje differences fr«a the general functional picture. In the efforts 
to insure eeonc^aies considerable regulating power over all the 
services has been taken over by the Department of Defense. Here a 
Medical Council has been sot and at present is headed ty Dr, Lovelace » 

a civilian physician with considerable aviation background. It also 
ineliKies several other civilian members and the eurgeons general of 
the armed services. 

The Medical Council passes on hospital construction and also 
determines the nimber of bods authorized for each hospital. A 
special agency, the ASMHO regulates the disposition of incasing 
casualties and the transfer of patients from on# hospital to another 
except that within a given district we can effect transfer without 
reference to that office. We have felt somewhat dubious about A3CR0 
and it remains to be seen idiether it will function as promptly and 
responsively as desired at peak loads and with as few people. 

Currently we supply it with more help than we formerly tised to run 
our own hospitalisation office. 

Army and Navy mediesl procux*ement has been consolidated for 
the last few years and is working well for the most part. We still 
retain our own Supply Depots. These b7 the way are being placed 
\jnder S and A for farther oonsolldaticai of purchasing and management. 

This will probably effect some conveniences but savings in personnel 
we hardly anticipate. Needless to say we will cooperate fully and 
wholAeartedly in making these innovations woric whether we like it 
or not. 
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Cooing at last to our own function, we must reraaaber In 
considering future possibilities, we have to think in terms of 
casualties far b^ond anything we have ever dealt with before, 
and also possible destnictlon of certain service facilities. The 
central agMtoies will need help and again they may evwi be knocked 
out. We stand ready to fill in the bjreach or rather prevent a break 
in operational functioning. To this end we keep records of our 
hospitals and larger infirmaries as to patient loads, vacant beds, 
expansion possibilities and personn^ assigned. We also keep a card 
index of all recorded civilian and Federal and State hospitals. We 
receive reports fron the Army as well. We are thereby in a standby 
position to aid in adjusting hospital loads, flow of patients and 
utilisation of personnel, in the interest both of j»tiont welfare 
and the efficient, economical use of our facilities. 

Dally reports of patients and staffing are received frm our 
hospitals and from them we compile a weekly report of hospitalisation 
and also of medical personnel in eaoh district. 

Organizationally the medical officer comes under logistics 
since that is the major concern . The functional outline of duties 
is as follows! 

1* Acts as advisor to the Ccnmander in medlecd matters* 

f 

2, Represents the CooRander in professional matters, as 
appropriate and directed. 

3* Carries out such visits, consultations and inspections 
tiiroughout the Frontier districts as necessary and as 
directed* 

4, Gives assistance in medical aspects of ESP planning and 
logistics* 




5. Reviews medloal aspects of all plans submitted to or 
developed by ESF« 

6. Liaison with BuMed, EMO’s, Procurffluent Agencies, with 
reference to planning, logistics and various local 
problems . 

7. Maintains sufficient files to provide adequate and 
up-to-date infoimation on medical situation, to foirm 
the basis for aid, cooperation, recaamendation and such 
action as Bwgr be needed or ordered. 

8. Liaison and cooperation with the Medical Officer, 

Atlantic Reserve Fleet. 

9. Aid in medical care of BSF personnel, 

10, Aid in nalntainlng good public relations particularly 
In the medical field. 

H, Keep E3P personnel advised «q medical matters of naval 
and general interest. 

In conferring with District Medical Officers, the main points 


of interest are about as follows* 




1. Status of Plans particularly as related to BuMed 
Facilities and BuMed NCL Plan. 

2. Reserve Personnel of Medical Department, including 
MC, MSG, RC and HC. 

3. Hospital Expansion possibilities and plans, inclixiing 
Sbore Station Development Board and Mobilisation 
Planning Projects, 

4. Dispensary and Infirmary Expansion, including ^lore 
Station Development Board and Mobilisation Projects, 

5. Depend«)t8 Care. 

6. Reserve Supplies and Storage Facilities. 

7. Miscellaneous 

(a) BOLood Donor Program 

(b) Contacts with other Services and civilian 
px* 0 feasional groups, 

(o) Transportation 


(d) Any othsr problems or conditions should 
be aware of or ai^t help with especially as 
regards hindrances or handicaps involving 
state of readiness for war* 

As I hope is ^parent the idea here is not only to coordinate 
and integrate as we say in these days, but to stand ready to help in 
any capacity we can. 
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6eMB-»I€AL THOUGHTS ON CIVIL DEFENSE 


There has been an ever present need for some measure of 
Defens e^fj wrtho a go Aeht days when mankind first developed 
a ccramimal type of existence aiid particularly since the advent of 
large cities, fe other-words^ the need for civil defense" is pre- 


hietorio .in_derivati«tt. The diversions and opportunities of city 

AV-ftl-vv^ 

life have always had an irresistible appeal to aoet^people despite 
fulminations against the^vicioxisness often rampant in cities and 
all the poetic praise ~e£ simple frugal life in the country; -SST 


soy great concentrations of human population have featured human 
existence throiighout all recorded history. Due to the resulting 
increase in vulnerability, fires, floods, atoms, volcanoes, 

earthquakes and pestilence have all taken frightful toll; add 

\ 

finally warfare. Mankind has an unhappy predelection for 
settling serious and heated disputes by violent and desperate 
means; quite a few eS>-«frare not at all adverse to murderous 



means of gaining power, wealth or territory. Wherefore wars 
and rumors of war have been peirpetualj and once war starts 


indiscriminate blood letting is jtist around the corner. Fury 
mounts, compunctions varnish, and conscience tadces a vacation. 
Finally, stem necessity, fw ' tfi api ii a ri , may call for wholesale 
destruction which would ordinarily be reptignant or unthinkable. 

At aill events regardless of speculation*, the hideous record is 
there and we have no reason to feel that we have seen the end 
of it. 

As we scan the pages of history the sum total of catastrophe 
is impressive, in fact staggering. However, disasters usually 
strike rather haphazardly and in a given locality infrequently. 

We tend, therefore, to neglect earnest consideration of them, 
and avoid the trouble and expense of preparedness unless the 
Swgrd of Damocles is right over otjt own heads. 

Well, it is over our heads now - there can be no doubt 
of it. With the flash and the rumbling roar of the neclear 
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explosions in Japan, all the elements of mystery, sensationalism, 
spectacular horror and gruesome destruction of life, combined to 
shock complacency. Nevertheless, we still seem to find it 
difficult to accept the imminence of peril thoiogh there is 
obvious need for realistic preparation on a large scale. There 
is endless planning, much writing and plenty of talk - all of 
which is important and essential, but ««biie -time i® really to 


work, ■ 


• 

That is not to say that we are sure to be bombed and that 
very soon. It is to remind ourselves that the capability is now 

I 

1 

there. We find ourselves confronted by an imposing collossxis 

.V ■ 

possessing great military p< ytential itiefr, and wishing us no good. 
It seeks to dominate. It seeks to overawe and cultivates an aura 
of invincible might. It depicts itself as the sole repository 
of political and social wisdom and virtue. It obviously seeks 
world dominion and we are very much in the road. Moreover, a 
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neighbors - there are too many glaring and tempting comparisons 
for its own people. 

A healthy regard for the military and industrial capabilities 

of our own country has exercised constraint and aside from that the 

ruinous prospect of two huge countries hurling long distance 

atomic thunderbolts at each other’s vital targets is even more 

idiotic than the more conventional warfare which has marred the 

face of the world. It is probable too that this latest group of 

would be world conquerors still hopes to ruin us by inkling us on 

the horns of a dilemma: prepare in full measure and wreck your 

economy; neglect preparation and become ripe for defeat. There 

has long been hope and expectation in the red world that o\ir 

econon^r will fail in a complete debacle. Then comes the revolution 
Communists 

with M®S»«wxp\alling the strings. Accordingly, certain factors tend 
allay fears of early major warfare. It should be realized, however, 
that hope must not become a too confident expectation. 
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scane provocation may prove too much of a pvish in the wrong 
direction. Again out of grandiose conceptions, overweening 
conceit, poor perspective and impatience with the cold war may 
come the last act. Finally, desperation over internal problems 
can predispose to risk all on the throw of the dice of war. 

We must, therefore, consider war with special weapons 
as a serious threat and prepare accordingly. Our military effort 
has, of course, been stepped up as the result of the hostile 
actions and provocations in recent years, and this acts as a 
deterrant. It can also be pointed out that a well arranged 
civilian defense acts in similar manner. The minimizing of 
damage, casualties and panic makes a vast difference in end 


results, and these in titm will Influence the calciiLations of 
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So then, what is the enen^ likely to atten^jt with special 
weapons and how is he likely to employ them? An answer to this in 
general terms can be derived from current knowledge. 

You can read that the Russians have made and are making 

^ ' ■ ' ' ■ 

atomic bombs: that they have had successful tests. 

A 

You can read that they are well up to the front in 
aviation and have long range bombers. 

You can read that complete Interception of hostile 


!&■ 

- . 


bombing planes is not possible, 


You can read that they are well acquainted with Chemical 


•) 

■>, Warfare including the nerve gases. 

It is obvious that they must be familiar with the German 
type of guided missiles. 

It is known that they have lots of submarines. 

There is no reason to believe that they are neglecting 
Biological Warfare or Radiological Warfare. 

Where does this leave us? 
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Well, as an eneny surveys the possibilities of a 
surprise attack, it would seem quite likely that he would 
decide to m a k e it as heavy, overwhelnoing and suddenly as possible. 


It would seem to his advantage to destroy and demoralize as much 
of our industrial and shipping capacity as possible in this first 
blow, before he might find himself handicapped by our retaliatory 
thrusts . 

Since the greatest amount of destruction per plane is 
apt to result from ”A” bombing, it is generally thought that 
primary emphasis woijld be on these weapons. 

That appears valid and should be coupled with the idea 
that a number of bcanbs are likely to be used against large 
important targets. There is also reason to expect that some 
submarines built to handle guided missiles might be employed 
to hurl atomic weapons at coastal cities. 

This leaves us with Chemical Warfare, Biological Warfare, 
and Radiological Warfare, A complete evaliaation of this would 
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be too time consuming here and one can only say — don't dismiss 


them entirely from your minds . One or more of them can be 
employed along with atomic bombs to increase demoralization and 
impede rescue and rehabilitation. Mass casualties » too, are 
possible with Chemical Warfare. Radiological Warfare can have 
a great nuisance or harassing value. Biological Warfare has 
possibilities and lends itself to sabotage. 

Coming now to the medical aspects we find our central 
problem is one of magnitude. Elaborate calculations have been 
made, based on Japanese recoirds. These must be taken with real' 
ization that considerable variation is possible based on size 
effectiveness of the bomb, time of day, type of weather, 
elevation of burst, types of structure, provision for pronqst 
rescue and medical care, and finally but far from least, 
advance warnings. Nevertheless, in any case the number of 
casualties will be hvige. The usual estimate per "A" bomb in a 
a populous city is 120,000, with about 80,000 surviving the 
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first day and 60,000 surviving in all. This brings us to the 


need for a lot of special considerations which are worth hi^- 


lighting*. 


Clear designation of authority and workable organization 
Adequate logistic planning ^ 



Damage Control , EsBWitiel n o t only t o e o atr e l fte e b ut 


■ 
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cepe, with wll damagfi—oai an emergency “basia#* *-Bevelop special squads^ 
such as we have in the Navy and whose efforts have saved many ships 
and liTes 


■ 
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Rescue , Special training for rescue crews is necessary 


to avoid dangers in working amid wreckage and rubble; also proper 


handling of casualties. 


First_Aid, Widespread instruction is needed - in fact 


it should be universal. What to do and what not to do also. 


Resuscitation methods have been improved and need to be taught, 



Usual first aid supplies in the home should be supplemented with 
a flash light, canned milk and food (several days supply), matches. 
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candles, heavy ^oves, rope. Sheets and blankets should be readily 


available. A stemo type stove is an excellent adjunct. Keep a 
few tools handy irfiere they can be picked up readily. 

Medical Supplies . These are listed in various books 
and brochures. A thing to remember is ample supplies for dealing 
with hosts of minor injuries. Proper treatment of these will 
prevent future conqplications and keep many more people available 

Transportation . All sorts of ambulances and conveyances 
should be available, but don't forget jeeps and helicopters, motor 
scooters and bicycles. Proper equipment for resuscitation and 
for clearing air passages should be part of all ambulance equip- 
ment. 

Supplemental Hospitals . Schools are given first choice 
for more serious cases because of wide distribution and type of 
construction - few storlfc^ large rooms, wide corridors and stairs. 
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frequent presence of some type of commissary installation. 


Hotels provide excellent accommodations but present 


difficulties on the score of possible elevator failure, narrow 


corridors and many small rooms. Individual survey will indicate 


value. They may often be out of commission due to concentration 


in the heart of the city where destruction is more likely. 


Airport hangars may seirve well as emergency field 


hospital sites. 


Tent hospitals are often seriovisly considered. It should 


be remembered that tents deteriorate in storage, are laborious to 


set up and provide flimsy shelter. 




r 


Blood and ELood Substitutiifati . The need for whole blood 


and plasma will exceed supply and involves thoughts of plasma 





extenders or ’’blood substitutes”. They are still 
research but it a gpo a ra e ^ d e nt .t ha t anfih goe>r — 

^ agen'^ 7 w s o^uuld piu^ a y n tn mnlr e niP nf t i h n m 




(Dextran, Periston and Oxypolygelatin) 
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Burns . Special dressings are advocated and excellent 


types have been developed for the closed method of treatment 
which is generally preferred. Quite likely there will often be 
insufficient dressings or people to do the dressings required for 
the closed pressure method and Admiral Willcutts recommends 
standardization of the open method, j^uminum powder, it might be 
mentioned, has been used by Wachsmuth in Germany with good results 
Cortisone appears helpful in many severe cases. 

Recent CAPT Spangler at the Naval Hospiteil, Portsmouth, 
wrote up a hopeful innovation which promises well. It has been 
developed by Dr. Curtis during the past 10 years. It involves 
the use of two materials: (l) a gel compounded of partially 

hydrolized casein, sodivm lactate and sodium latuyl sulphate. 

(2) A fovoc ply gauze dressing impregnated with sine acetate. 

The gauze is applied in strips after the bum is covered with 
the gel (1/16 inch thick) and is secured with elastic bandage. 


Dressing allowed to remain 10-14 days. The gel is named Zinax 







(U.S. Armed Forces Jouraal, Vol. Ill, No. 1, January, 1952, 
pp. 105-14). 

Inoculations . Regard must be had for cases of serious 
radiation exposure. These do not respond normally and should 
not be included in mass inoculation procedures 


loo XLLUv.^ UXo. pi OO • j 

Nerve Gases . Atropine is the principi^ remedy and must 



be given promptly and frequently, TenniBal asphyxia wiHr'cali 

cl^ , 

~£sxe resuscitation measiares ✓vue>-*A 


^ ^ i,piX 
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Biological Warfare . Calls principally for alertness and 


ability to carry out prompt identification studies by labOTatories. 


There is virtually no liklihood of epidemics being caused among our 

a, . 

Gonserratlan of Dressings and Supplies . In this country 

we tend to be notoriously wasteful and it is well to remember that 

sxirgery can be done without drapes and without dressings other than 

'JjL. ^ 

perhaps a thin piece of gauze stuck on with ^o. Benzoin. ' ' 

Jmes^et^s_, Just one notation. Chloroform is almost f 

[OTgi^ten anesthetic. Admiral Willcutts points out that this 
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can be used to advantage, especially when dealing with mass 




casualties. It is swift and effective in small amoiints, is 


non-inflammable and is relatively pleasant. 




o 


Radiation . This falls within my own particular province 




and aside from that, involves so much confusion and misapprehension 


that I think I may dilate upon that subject with some profit. 

In my lectures on radiological safety I like to note that itthf 

4 

^fee perils of raiUntiaia ar? fakin the Scylla and Charybdis myth. 


One finds grossly exaggerated fears based on serious effects to be 
stire, but puffed up by wild stories and vivid imaginations and involv- 
ing the possibility of serious panic, interference with important 
projects, wasted effort and needless expense. Seme people are 
worrying about Geiger countries when they could more profitably 
tViiTik of how to deal with conventional perils. On the other hand, 


neglect of radiological safety has produced martyrs to science 




in the past, and is still producing victims of ignorance and 
recklessness^today. Serious problems in radiological defense 
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are also involved and so let us evaluate that hazard a bit 
closely. 

The Place of Radiation , The relative importance of 
radiation in causing casualties is usually estimated at 15-20?5 
as compared to 60^6 for trauma and 60^ for bums. Obviously 
there will be mauiy cases afflicted with all three and it appears 
likely that radiation as a complication has adverse effects. 

It is apparent too, that since prospective casualties are roughly 
estimated at 120,000 for a bomb in a populous city, that the 
immediate concern must be for rescue, first aid and care of 
shock, bums and ordinary trauma. The serious radiation effects 
come on later. This picture, of course, has reference to the 
type of explosion produced in Japan. If an underwater burst is 
used, the radiation problem will be of primary concern since 
there will be a deluge of water and foam laden with radioactive 
fission products. It is generally thought that air bursts are 
more likely since destruction is greater. An underwater burst 
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is not likely to duplicate the extent and degree of contamination 

seen at Bikini, when we carried out such a test. This is because 

a considerable depth and a large volme of water are requisite. 

A convenient lagoon or its equivalent made to order, is not 

conveniently at hand in many places. Ct- 

(jgf-jtAjUi M 'VXAtfM 'tc 

A number of radiations are involved but basically they 
all show a similar type of action in that they produce effects 
ionization. As the result of ionization, there are changes 
wrought in chemical ccxnpounds and those in turn interfere with 
the normal metabolism of cells. Enzyme action is affected, 
chromosomes are damaged, and formation of new cells especially 
disordered or possibly checked entirely. In other words, those 
radiations which we characterize as ionizing are irritant in 
effect which means that in excessive dosage they lead to 
inflammation, degeneration, and necrosis. 

From the U. S, Strategic Bombing StUTvey of the Effects of 
Atomic Bombs on Hiroshima and Nagasaki, the following is derived: 
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According to the Japanese, these individuals very near the 
center of the explosion but not affected by flash bums or secondary 
injviries became ill within 2 or 3 days, and the victims expired, 
some within 2 to 3 days after the onset and the majority within a 
week. Autopsies showed remarkable changes in the blood picture - 
almost cong)lete absence of white blood cells, and deterioration 
of the bone marrow. Mucous membranes of the throat, lungs, 
stomach and the intestines showed acute inflammation. 

The majority of the radiation cases, vdio were at greater 
distances, did not show severe symptoms until one to four weeks 
after the explosion, though many felt weak and listless on the 
following day. After a day or two of mild effects, the appetite 
improved and the person felt qiiite well mtil symptcmis reappeared 
at a later date. In the opinion of some Japanese physicians, 
those who rested or subjected themselves to less physical 
exertion showed a longer delay before the onset of subsequent 
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symptoms. This appears to be a valid observation. The first 
signs of recurrence were loss of appetite, lassitude, and 
general discomfort. Inflammation of the gums, mouth, and 
pharynx appeared next. Within 12 to 4® hours, fever became 
evident . 


\! 


\ 

S 


Commonly seen were shortage of white corpuscles, loss 
of hair, inflammation and gangrene of the gums, inflammation of 
the mouth and pharynx, ulceration of the lower gastro-intestinal 
tract, 1 livid spots (petechiae) resulting from escape of 
blood into the tissues of the skin or mucous membrane, and 
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larger hemorrhages of gums, nose, and skin* __ 

Iii-geBoraa^-itr-^appea*»e-”tl»t radiation caused l5 to 20 jif\ 
per cent of fatalities ojiii wiaiit ’^have caused more if many victims 
1. .. ^ liha w Mwrr lf. In addition, it 

is-^nrt*abie liiat 95 per cent of the parole within 3000 feet 
radius suffered in some degree from rmetta^ioB s i c k nessv 
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In addition to the physical effects, it is worthwhile 


I'' 
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to note something of the psychologic. Commander Thomas A. Harris 


reached Nagasaki about a month after it was bcanbed, and reported 


to the American Psychiatric Association in a discussion, that the 


terror had by no means subsided and that the people had as yet 


not been able to pull themselves together and work effectively. 


They knew many were dying of radiation illness and very naturally 


feared for themselves. We can see in this that morale factors 




must be given the gravest consideration in oiir disaster planning 


and that they further emphasize the need for effectively coordinated 


relief frcmi outside sources. 


Another aspect of morale problems is worthy of note - 


the immediate effect of severe disaster is benumbing emd people 


will usually carry on more or less autcmiatically for a time, in 


3 

/r 


accordance with habits and indoctrination. A little later comes 


a period of recoil and then some individuals exhibit a temporary 


f 
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phase of great resentment and hostility often manifested in 
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unreasonable fashion and even at times against rescue workers 


^f 


and other personnel trying to help them. It is well to bear 


this in mind and be on guard against it. 


As an encouraging aftemote it should be mentioned that 


(r 


follow-up of Japanese radiation casualties who recovered, show 


them to be getting along very well. It should also be noted 


that many sensational accounts, usually involving monstrosities. 


are not true. 


M, 
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What most of us are interested in are questions of safety 
and this, it should be noted, applied to some aspects of everyday 
life as well as disaster. 
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the early days of the century there was some little 
apprehension concerning theaa newly ^fouad -and mysterious rays, ^ 

jj ‘ ^ ^ 

but, unfortunately, fears were largely absurd and misdirected. 


Scarcely anyone seemed to realize that there might be biological 


dangers. Instead, the public was treated to imbecilities. Thus, 


in the Pall Msill Gazette, it was stated: "We are sick of Roentgen 
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Rays. It is now said that Mr. Edison has discovered a substance - 


tungstate of calcixam is its reptilsive name - which is potential. 


whatever that means, to the said rays. The consequence of which 


is that you can see other peoples' bones with the naked eye - 


on the revolting indecency there is no need to dwell. It would 


be best to bum the works on these rays, execute the discoverer 


and whelm all calcium tmgstate in the ocean. Let the fish con- 


template each others' bones if they like, but not us." 


In New Jersey, a congressman introduced a bill prohibiting 


use of x-rays in opera glasses. In London, X-ray proof underwear 


was advertised for women. Punch came out with a satirical poem 


to the effect that radiographers shoxild leave people alone and 
confine thenwelves to spooks.^ ^ 

^ and much later than desirable, a unit was ^ 


md eve ntu a33y gtand ords e f p e imli i slhle dw age ;' ”-^’¥hie 
unit^the Roentgen or simply "r"^ ^s based on the production 
'XwB^ of one &S.U. of ionization in one cc or 0.001293 gm of air. 


In order to apply this figure to other types of radiation we 
resort to equivalence of ionization energy and biological effects 
and so we have the terms ”REP" and "RM"* The term REP stands 
for roentgen equivalent physical and is defined as the amovint of 
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ionizing radiation that is capable of releasing the same energy 

in tissue as 1 r of x or gamma. This amount is*^3 ergs per gram 

12 

(an average) and is associated with foimation of 1,6 x 10 ion 


pairs. The term "REM" stands for roentgen eqioi valent man and is 


defined as the amount of ionizing radiation which when absorbed 


will have the same biological effect as one r of x or gamma rays. 

The upper limit of permissible dosage has been set at 0,3 r per 

A 


week of x or gamma rays per day 




It shoTold be noted, however, that this dosage limit is 
for workers who are continually exposed to some degree of 
radiation in their daily occupation. It does not have practical 
application to occasional exposures. There is a pronounced 
tendency to confuse this type of work-a-day standard with 
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practical limits for occasional clinical ejqposures or those 


required for emergency or military necessities. The result is 
that there is much needless alarm and worry; also increased 
susceptibility to panic - a most inqjortant factor. Let us 


remember that we receive more than 0.3 r in many clinical 
applications of X-ray and radim - often much more. In the 
heavy exposures which might be involved in atomic warfare and 
related action, we think in terms of so-called calculated risk 
involving dosages extending fi'om a few r to hundreds along lines 
about as follows: 


Up to 5 r ne^igible 

Up to 50 r of little inom^ate importance: 

Possibly some mild effects. 

50 to 100 r increasing incidence of minor 

disability: People still able 

to carry on. 

100 to 200 r increasing in ci^n ca of cove r e 

eaasa: Victims^^^^ casualties . 

A 

200 to 600 r increasing mortality. Serious and 

critical cases frequent. L.D. 50 
at about 400-450. 

600 r <t- vart^ially^ ^i sert a i n. 
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This applies to radiation received in the course of a 


few minutes or hours. When radiation is received over weeks 
and months, figures have a different significance and the 
total cumTilative dosage can be greatly increased without severe 
effects. In certain diseases, 50 r of generalized body radiation 
have been given several times a week up to 500 r without a1 n-r tning 


•felt that all exposvire should be minimized and it is probable that 
about two hundred r of generalized or total body exposxu:e is about 


all that can be absorbed with relative impunity even in small 
increments such as 25 r weekly. 

As regards some practical 'safety 'limits, the foUOHljiig 






or dangerous radiation effects 
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life saving. It may be possible to dodge behind something or 
at least to curl up on the gro\ind, possibly behind steps, in 
doorvreiys, etc. ^ 


or fall otrt are of little or no practical concern in rescue work. 


3. In the case of contamination from imderwater or under- 


fission products although intense at first, diminishes rapidly j 
that-means that a delay of a few hours or even thirty to sixty 
minutes in emerging from shelters or entering contaminated areas 

will reduce exposure enormous! v* 


evacuation^is readily possible. The greatest peril is that of 
panic, which could readily produce far more casimlties than any 


^ 1 / 2. In the case of an air burst, persistent radiation effe< 






ground bursts, it is to be remembered that the radiation from 


f 
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R.W. agents 
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As noted in "The Effects of Atomic Weapons" (page 287) 
radioactive material can be obtained frcmi fission products formed 
in the pile or purposeful irradiation of elements placed in the 
pile, A nuclear reactor in the course of 100 days (milliwi watt 
output) might produce about one megacurie of activity . This 
spread over a square mile could produce 200 r/day of 1,5 gamma 
at 3 foot level .... (gamma rays would be the most effective 
radiation to tise). 

It is easy to see that it would not be simple to use 
nor too cheap. 

The manner of use has of conjectured as being in the 
form of "death" sand prepared by drying a solution of fission 
products on very fine sand or metallic powder, which might not | 

I 

be readily detectable as it settled* 


5 
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In general, advantages relate to general harrassment, 
deicing an adversary uee of given areas or facilities for a 
time, interruption of work, possible production of panic, and 
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r necessity for^ decontamination. Disadvantages relate to decay 
(limited half life) and- resultant difficulties in stock piling 


and need for constant renewal; difficijlties in separating the 


most desirable fission products; shielding of personnel charged 


with responsibility of delivery; effecting adequate concentration 


in the desired areas; diversion of pile function frcan production 


of fissionable materials. 

This brings ngr rather sketcl^ coverage of medical problems 
to an end. I would like now to close with the reminder that huge 
as the problem is» there is much we can do and must do; that ty 
so doing we will be prepared to save thousands of lives and at 
the same time aid in the prevention of war by disabusing enemies 
of the idea that we will easily be knocked out by A bombs or any 
combination of special weapons. A "pushover" is always a 
temptation for a bully. 

We have taken tough knocks before and can take more if 
we have to. This time let us be ready. 
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In anolsct days the risk ^ running Into swious danger uhile 

Ivwlt' 

/ trying to arold its opposite type was depiotad in the story of S<^lla 
and Charybdis. It \ma neoessaxy to sail a careful oourse right down 
the adddle, to escape tiie aonsters Inhabiting those rooks* This ayth 
is always a rery pertinent one and we can see it rery well eanaplifled 
in the field of radiation hasards. Ws find those vdio would shrug off 
radiation dangers pmhaps in the spirit of Ajax defying the lightning^ 
but more likely in the mood of finding It difficult to attribute 
physiological Iraportance to the more insidious things which our 
senses do not doteet. On the other hand, we find those* who haring 
learned of rather grtMsoae radiation effects, hare developed an ovei>- 
veening dread both on individual and oolleotlve seales so that they 
see the doom of the idtole human race rushing on in a denoniao avalanche. 
This pessinistio view has been in aseendeney since the days of 
Hiroshima and needs eorreotion. 

There is obvious danger both in overemphasis and underemfhasls. 
Excessive fear ean lmp<Mie disastrous handioaps on operations and also 
cause panic with frl|^tful eonsoquemees . Disregard produces needless 
casualties and stores up much trouble for the futui^. Radiation oan 
prove a subtle agent of mischief and not Infrequently a disguised 
assassin. 




In th« Mrly <kiya them was eome little apprehension concern- 

I 

ing «jeoe newly found and aysterlous r^e, but unfortunately feare 
were largely absurd and misdirected. Scarcely anyone seemed to 
realise that there might be biological dangers. Instead the public 
was treated to imbecilities I «MS,“t^e Pall MaU Qasette considered 
x-rays revoltdngly indecent. Punch poked fun at Roentgen and adrlsed 
him to work on spooks. A^j^^^glslator was concerned about the use of 
x-rays In o pera glasses. In Londonj x— ray proof underwear was offered. 

Ill effects were uswilly ULaraed an such tilings as ultra violet 
fr«n the Crookes tubes, platinum particles, cathode rays, electrostatic 
discharges, heat and so cm. It was soon noted that erythema was ftre- 

i 

seen Involving the hands, arms, and faces of people working 
with x-ray apparatus, but it appeared that this was conaldered of 
aearoely any more Importnnce than sunburn. Thus, before long a tragic 
list of disastrous consequences began to unroll and nearly all the early 
workers appeared as victims, many of them fatally injured. 

Doctor Kassabian wrote of x-ray# as an irritant in 1900 and 
described hi# own oaeei '•About five mwiths ago the fingers, knuckles 
and dors\» of left hand exhibited a general erythematous condition. 

This eontlnusd about a month; ths itching became intense, the skin 
became tough', glossy, edematous and yellow," His condition becaiM 
worse and in 1903, he again wrote, "In order to effect a cure I have 
used every remedial agent mentioned in all the text books « but 
nothing seemed any good". In 1906 an area of ulceratlOT showed 
malignant changes. In 1909, in spite of amputations, there were 
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aJdll^ry m«t>i8tMa«« and daath «oor folloiwd. Thl« story wi^ minor 
rariationa oould b® told of many othsira thsrs is not tias to msntion, 
VIhsr. radlatiai dsrmatitia sots In, th«ro la inflonmatioop 

-ir 
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onolliBg, loss of liair, diynsss, and also atrophy of flngsr nails. 
Kistologioally, thsra Is airsntiwl rsplaossnsst of normal eoUagsn hy a 
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' danse hyaline type, ohliteratlr© ohafiKes in the blood Tsssels and atrophy 
of glandular struetures. Repair efforts are irregnlar and imdeqmte, 
res^dting In keratosis, %rarts, and telangietasos. Inerltably there 
<msues inoreased euseaptibility to injury reuniting in abrasims and 
uleere whieh heal vlth great difficulty and eeentiailly frequent<^^ 
ineSufsnol^^ mallgnanj^ 

In this day and tijae we do not ueoally expeet to see sucda 

fioctrmse effeets^and us keep an eye opm for early injuries. N<me» 

theleas, let no one beliere that the drastic changes are a thing of 

the pest. Ignorance, Mrelessneas, and forgetfxilnesa are almys 

tilth us and not all people employing x»rays and other iMilalng 

radiations are tiell trained. Some hare tlrtually no training at all, 

and we also find tmseropuloaa quaeks and even so<>ealled besutielans vho 

td.ll oeoasionally use x>-ray •• Ignorant of and indifferent to dangers . 

Flrally, seientists and msdioal Tium in their enthusiastic use of 

% 

radloaetlre materials still taks undue chances tdth thsmselres as 
▼lotias. 

Early signs that we wateh for arat 

1. Increased susceptibility of the hands to ohapplng* 

Ir 
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2. Brittleness and ridging of the nails. 
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SLimtlng or le?»ling of the fingw ridges, 
Qaiiges in terminal oapillariee of finger nail 




4. 

folds, 

5. Drjmess and epilation, 

Henatologleal Considerations , It has been recognised for 
7 eaz*s that lovered Uood eounts resulted from exposure to Ionising 
radiation and this has bew the basis for requiring periodle blood 
eoimts an people working %rtiere radiation hasards are inrolTod. The 
leuoooyte count is first affected, but the red count soon follows, 
the difference being due not to lesser susceptibility but to the 
longer persistence of indlrldual rbo in the blood stream (about 120 
days as compared to a few days for leucocytes and a mtter of hours 


ig^hangs^ 


5tsff«5»Cly /^ali^htagjr' chAn^s’'15>S*lto!7e«ied eery wrly'but 
in the ease of indlrlduals, early changes are often hard to. evaluate 

because of the variations In eounts, even in the same individual and j 

h — — - ' JLs4 ^ 

^o hour, /Tmis th e re ts - ne w much Ititoui^ given to relaxing 


or even 


abandoning 

on radiological workers. ItVls 
use of personnel dosimetry 
I. Reverthelass au 


enti^rely, requireamts for periodle blood counts 


eounts , 




overexposure and enable ^ to call 
blood abnormalities id^h might be ai 


that modem safeguards and 
diminishes the need for blo^ 
udies h e lp t e pr e v e nt s s eri nu s 
withdrawal of Individuais with 
mted by radiation or perhaps 


falsely blsaed-fapt_i!!^^UAtlon. ^ 





sr; ' 





It i« to bo r«aembered too that eonsistoct or hoavy expootxre 

m Oxjt«.«uL^ 

to radiation inrolvos a diatinct^ln the incidoneo of leueojaiai «»t 

or oT^do ut^l proeautionsf that aome pooplo 
raay bo unduly nonsitlvo to hom/gtiiogiotil offeeta. Thus it ia 
that blood eounta still have a plaeo In radiological aafet;^ 
at a homtologleal eonferonco of tho Atomic inorgy Hoaearch Establish- 
»«nt, forwoll, England, the following opinions vero gonorally agrood 
upcmt 

1. Hood cowtts are tho boat index of the effect of 
irradiation we have at present • 

2. Blood oounts should be made on persona exposed to 
radiation I 

(a) Efforts should be' concentrated on those with 
aerlous eacposure ha sard* 

(b) Time and effort mist not be frittered away on 
fringe eases. 

^ ^ - 
3* Mmltoring can reduce and, in certain oireiasstanoes, 

eliminate the need for counts* 

(a) Especially true in large, fiaosd radiation gener- 
ating machine installations. 

(b) Blood counts are needed in addition to monitors 
in perscms using radioactive Isotopes. 

4* Costs can be reduced by using tho white blood count wily 
as a routine examination to indicate a trend — on the assumption ^lat 
trend is the paramount consideration* AgressMnt was not unanimous 
<m this item* 



( 
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5« The first sign of overexposure to radisticm Is the cross* 
over between neutrophils sjid lymphoeTtes, end therefore the differ* 
entiel count is too irq^ortant to be eliminated from routine exassin* 
etl<»s» Again there was disagreement among the otmference members. 

6. Repeat omints should be reduced to a minimum based on 
experiMtce in Moh sittmtion rather than at time intervals arbitrarily 
ehosen. 


0 

I 


7. m.ood standairds ecanonly used by conference members in 
industrial practice 


/ 




Total 

WBC 


Poly. 

neatr. 


Lymphs. 


Abnoiml 

cells 


Interpretation or 
action taken 


4500 or 3000 or 1000 


aiQr 


3300 


3000 or 2000 - 
2500 


750 


numerous 


Uaniing. Repeat before 
hiring new worker. If 
on the jobf keep at work 
and repeat at short in- 
tervals. 

Harwell will hire if other- 
wise O.X. 

So not hire. Resanre from 
workf complete clinioal 

WDVk:^. 


0 


It was pointed out that no research has been directed toward 

I 

a "warning level", t^e figures of which have been arbitrarily 


I 


established. 

8. Study should be m^de of the "physiological low" incidence 
(about 5 %) found in the general p<^ulation with special regard to 
stability (Technical Report, ONRL-125-51, 12 Dee 1951). (The above 
notes <m the hematological conference were taken from the Medical Hews 


A 


Letter^ Volume 19» Ho. 3» 8 Februax^ 1952.) 
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In well protocted installationa and where personnel 
isionihoring la praoticed^ lihe irole of blood counts becomes 
mlniwl. In fact some authorities now recommend complete 
uliaination of routine counts for radiation workers. 

St<me reviews the matter in his excellent "Carman" lecture 
on "The Concept of a l^xlimsn Permissible Exposure" published 
in the May 1952 issue of Radiology; he favors elimination of 
the requirement. On the other hai^, as recorded in the 
Hairal Medical News Letter of February 8, 1952 (Vol. 19, No. 3) 
at a Hematological Conference at the Atonic Siergy Research 
Establishment, Harwell, England, it was felt that blood 
counts should be siade but efforts concentrated i^ere there 
are serious hasards; monitoring should reduce and in some 
instances eliminate the need for counts. 
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'-Tj -“Sir , iiir j ■ I 

_,^ ' ■^■- 

III in < HI m i l I I I t i ii i ij f iii ul itTli T il l ii T ir1tn 1 ii (| tiiiiiiT 

'Morleer^ it is well to ostal^isb a base line for each Individual 

■ iSiih Wa»-a^-^MK6a» 

t!inffl iin>r t - * 7 . . Savaral oounts -are aaated 

Bt »aM an a «^ell>standai^iB*<i <u^4i«MMaM9. teehniqua. A-«Mt 
i w peg tant - f a at ttra -ia^ W aadcy oo«Bts at the a^ tiaa of day, per- 




yJ^ 



y^tl 


i'l4 * 

inee it is fnrt 




farably with th a enbj eet a to fasting 

practieable to have peraonnel report without breakfast, the best 

time is usually just before lunch hour. The frequency of counts 

should depend on eirevoistances and should be a part of all periodic 

physical exams. Tlnrii aay pr e s e ntly e ell<r~f e e m e mgat es ejiy "fom 

• men i Wm . Various ranges of persdsslbLe variaticms and limits calling 

A 

for interdiction of exposure have been set. Ordinarily tlMSf should 




ttesf 


not be regarded as absolutsf ratherr we mi^t--wdtiHregard them as 
levels beyond which seh^Sfes evaluation of individual circumstances 
is in order. The ranges presently adopted in the naval service area 


WBC 

RBC 

Granulocytes 

lymphs 


4,(X)0 * 12,000 per cubic am 
3.5 - 6.5 M 

55 - B($ or 1,000 • 7,000 absolute, number 


20 • or 1,000 * 4,000 absolute number 





Genetic Effects . d’mtBg IMP ^ e genetic effects we 
a field of intense o<mcom ranging from the ridiculous to the most 
profoundly important, ^^e bigateo cm be^iamissed abruptly and 
that is fear of impotent. There is considersblo confusion between 
sterility and Impotency, and perhaps this is not without salutory 
effects in that it should tend to diseovcrage recklessness. However, 
the fact remains that Impotency is not caused by ionising radiaticm, 
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«eoept inaofar as this may be secondary to the general e^diaustlon 
of Tietias in extremis or to psyohle aberrations in a radiation 




phobia plays a part. 

Our principal ooneem is with rarious types of mal-dereloiatent 
resulting frc» mutations. Dosages of about 500 to 700 r reoelred in 
a terief time (acute eiqposure) are required to produce permanent 
®^®^illty. This means ^tat most persons so affected hy suoh a h^vy 
dose of total body radiatiaii would be fatally injured and die. itoain J 

oems s m- mb mit dosage 

of rad^tioi^s ift^'oorts apt to oause fetal death and misearriaM^wM^ 
Howerer, there is erldenee t~o--. sw ggew t that radiation of the 


pelrie of any considerable degree during early pregnaney may tend to 
prod\aee miorooephalie idiocy. 

Radiographic expraures within usttal diagnostic soope and uiKler 
proper superrisl«3 need oause no oonoem. 

Regarding effeets on future generations, satisfactory precision 
is lacking for human subjects, and one needs to be cautious and 
tentative in applying quantitative date from experiments on other 
speeies to ourselveB, Ronetheless, we must bear in mind the followings 

ar e Im e re a s e d 

e^^if||e.:^,tiie^ 

2^T!7Tttiahi appear tb bsi'a<:yesqf. h^ degree of euRulative 


-jHaffycyme evnept tn n verj siimn ]in> 
Ming meetly reeeeeive may not e«Bifeet'^tl^emeeliim%f^ 






1. Th* h«redltar7 pattarna of 11 Ting organlana aro aubjaet to 
aatatjons dua to ohanges In tha ganea goTeming daralopnant. 

Aa flMKitionad 1b|jr Plough in MuolaonioOf August 1952, tha numbar 
of ganaa is astinatad at 20,000 for tha huawm spaeiaa and tha 
spontanaous smtatlon rata rarionsly astimatad at from 
2 X 10^ to lOT^^ par gana par gmaration. fha high astiaata 
vo\dLd indioata tha probability of ona naw natation in almost 
arary IndiTidual (0*4 matationa par gara call}| tha low vould 
suggest S in arary 1000, 


2. Mutations are ineraasad by ionising radiation. Tha 
dosaga factors for husans inrolTa axtrspolation and astinatas 
of tha radiation raquirad to doubla tha epontanaous rata hare 
▼ariad uidaly from a few r to hundrads. Gitii^ tha work of 
Ihissal, Plough mantlens a mutation rata in miea of 2.5 x lO***^ 
par gana par r and figyvas tliat 32 r would douhla tha apontanaoua 
rata. Tha wita for hwmna is llkaly to ba roughly oomparahLa 
and ^a dosaga to tha gonads to douhla ovtr mutation rata is 
lik(^y to ba undar 100 r and poasihly as low as 30# 

3. Ganatie af facts from radiation art oumulatira to a rary 
hi{^ dagraa. 

4* Mutations ara tsifawrabla axeapt in vary small proportion 
aurai being mostly raeasslre may not manlfast themsalres for a 



\ 


znimb«r of gsnttratlons. Lvthal and axtrcnMily nnfaTorabla 
aotatimis land to be wiped out due to early death, at tinea in 
^e embrywde stage. These, howawer, are preteibly leea than a 
fourth part of the total. The reaalnder, nostly reeeeeiTe, are 
passed on to sueoeedlng generations and nay at tines nanlfest 
thsnselyes in the guise of s^e nore or less obseture pt^siol^eal 
aberrati<ms which nay weaken but not neeessarily kill the individual 
otttri^t. Differentiation from inoidental disease proeesses, in 
siMth inst^oes, nay prove diffieult ai»l uncertain* 

5. Mataticms fron ionising radiation do not appear to be of 
speelallsed types and oannot be recognised by speelflo oharaeter- 
istios} and in eonsldering possibilities, it i^euld not be assnsed 
that the aatohing of a pair of reoessives requires Vuit both be 
derived fron radiation. 

6. The present burden of unfevorablo nutations oerrlod by 
hnsar raeo is hsavy end should not be ineroaeed. It nsy well 
be that fron the standpoint of general welfare, unless a large 
peroentage of the population should be involved, there is little 
eause for eoneemi nevertheless it is not permissible to overlodb 
the Inereased possibility of eventual tx^igtt^ to individual families. 


ere Is ocmpellm reason for good radiolofloal safety proeedure 















' and tha avaldanea of ainialalng of w^joturo to tho gcmada. On 


tho othor hand thoro nood bo littlo eoneom ao to routlno 


elinloal mdlolofir prmridod thoro io ooiapotoat ouporvio^^and^^^^^^^ 
amowriato roaord for opoolal olrowastanoeo of fonotie.^ortaaooi - ^ 




w 

fit thio 


it is of Itttoroot to M)tO 00(80 of tho 


approxiBoto dooagoo wo aro apt to roeoivo in tho ordinary 
oonrM of oTonts 

Coaaie rayo and natural radloaotiwltyi 0.3 «tr/24 hro, 
Cwsoontlonal ehoft »-rayi 50-250 »r/fllB ontranco dooo. ^ 


Fluografdi of ^oati 900 mr, 

Abdoolnal fluoroooopy pluo opot and oorial film 
3 r In tho cantor of the abdomon (aubjoet to »twh 
variation ohiofly by Inoroaoo). 

Urographyi 1*3 la eontor of abdonoa* 

npinot to 8 r la tho eontor ^ abdemon. 


Polvlmtryi 200 to dOC mr/fila In contnl aroa 
for A.P. filaoi 1.3 r for latopal fllao. 


Dontal f lln 500 «r/«tttranco dooo 




Thoso dooagos aro not elanifing bat It lo quite appai^nt 
^t It io readily poooiblo to pile up oignifloant oxpoouro 
ospoolally %dioro ropoatod oxaffllnations are likely. There lo 
then added roaoon for Mirofal work, proper flaorooeople 
toohnlqaoo and good diaorotion. A rooont and oxedllwat 
appraioal of Iho oltaatieo io proridod ly Ritter, Warren and 
Po&dorgraoo in tho Aagaot 1952 iooue of Radiology. 









oJi^ 

UO- |/U/(^^ 


, Ut -W^ «wi^ 0^ 

-lMjVJ'\lh. 'd 0 ^ / 

I, we are still left with much tmeertalnty, a^hougfi it 

/ 


should be dqfted that a wery lew figure such as 10 r ^ only about the 

/’ 

saise as the te\sl aooumulatim of eoffialc radiation ^ a life tiiae 

/ 

(usually 10-15 r)\ So it beoooes difficult to bsf more precise than 

' f 

to indicate on the oi^ hand that we should be jl<%8errative and aroid 

X ^ 

unnecessary eacposvkre pariieuXarly idien of g|hetle consequence y and 
on the other hand that 

lerels of exposure, iduen current^ safety/ir^ulations are applied under 

N / / 

competent supervision • \ / / 

V ^ 

At this point it is of intf^wt to note s<^e of the dosages/ 
we are apt to receive in ^e usufti ecns^ of erents. 
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Cosmic rays and ^lama ^rm aatwalS^radlaaetiTitya 0.3 »r/24 hrs 

Gamma from back of ^^slmetts dial witshM (skin eontaet)t 

/ \ 100 mr/24 hrs 


Spectacle leneef'' containing uranium t 1 t<r^ar/br to eyes (B). 
Chest X-ray, doBveetlcMBali 50-25© mr/film, Uptranoe dose. 
Chest flu8!i4gramt 900 ar, entrance dose. 

Dental i/ 500 mr/fila, entrance dose. 

Fslyid (obstetrical films): 200 mr/fila in central 

Pwmisslble Life fiae letol. various harmful effaets 

and in particular, the gmaetie possibjditiea pose the questicu] of 
o▼eI^-all limits. The pmisslble fkpomaro limit of 0.3 r/wk would 
theoretically permit of a lifo-t^pm expostire of 432 r, presuming 
thirty years sendee and alle^ng for a four weak ann ua l vacation. 
However, radiological aafe^ measures reduce actual exposure below 


(0 





3*17 Psnitslbl* Dosagft Totals 

As ws oensitlsr ^s ssrious oonssqusnoes and possibllitlas 

I 

fxiMB large aaounts of radia^CB, ws inevitably o«n to the 

L4-- 

question of hou large a wtal it safe to aoetatulate* It 

A 

is easy to say the less 'Uie better and in fast it is always 
well to bear that In wind. However, that begs the questicm* 

Our 0*3 r/wk standard theoretloally persits of a life tine 
exposure of 432 r based 30 years work at that level and 
allowing for annual vacations of four weeks* This is assumed 
to be relatively safe but deeisive statlstioal criteria are 
lacking* It ean be said, however, that nost of the serious 
effects <m experieental aniaals from protracted radiation 
have involved hi^ dosage ratio and totals usually over 1000 r* 
Exposure of radiologists show:3ng ill effeots, is oonjeetural 
but in laost eases has doubtless been very heavy* The increasing 
use of personnel aaoitoring may throw more light on the matter 
in future years* In ^neral the ceiling jtist mentioned of 
about 400 r would not be too high for life time exposure and 
within practioable limits* As a matter of fact current 
safety prcKjautions usmlly rediice the ejqposure of workers well 
below 0*3 r/wk so that lifu^J^ exposure would be cwjsiderably 
leas* 

Aside fyom the matter of individual health and survival, 
we have just sewi that genetic mutations are an important 
eonsideration * The increase in mutations has been described, 


% 

It adg}it be well to elerif^ the queatitatlTe faetore etUl 
further* 

The lew figure for epeotaneoua eatationa was ealoulated 
at 8 new onea for each thouaand IndlTlduale* CSiarlea in 
MSF0 Projeet report plaeea the Inereaaed haaard of tranaaitting 
a new mutant at 1$ for eadi 100 r* That aeana that 10 out of 
ewerjr thouaand iadlTidv^a aheuld tranndt one new mutant for 
ea^ 100 r a parent has reeeived prior to eoneeptlon. This 
would again auggeat ‘Uiat 100 r roui^ily doublea the normal rate. 

The aetual number of IndiYlduala affeeted la not large* 
but an inereaae over a long period of time would be oumulatiTe 
and the noted genetieiat Muller eetlmatea that an overall 
ittoreaae of ever the apontaneoua rmtfh would ewentually 
bo dleaatroua* 

Figuree aa alroady mantioned era a«a>jeet to groaa 
dlaeropanoloa and uneortaintiaa but it would aom ihmt in 
wlow of tho eror Ineroaaing mmibors of pooplo bolng exposed 
to lonlalng radiation '^oro la oompalling rmisoD for bolng 
oonsmnratlYO and taking some troubLo In tha matter of ojcpoauro 
of genotie oonsoquimaeo* A large amount of gcmadal expoauro 
oan ba readily aroldod both In patlMtta aal wnrkara by Tory 
almplo protootire moaauroa. 

Tho 0,3 r/vik lewol pinrmita of about 15 r par year. 

Vhoro conditions permit of that Bnioh expoauie it would bo 
wise not to nogleet the load apron in the ease of those not 





p&st th« llklihood e»f par«n^ood. In radlologieal work laTolTing 
the chest, upper abdoaen and lower extremities lead impregnated 
drapes or harriers ean be used to shield the pelris. 

After about the age of 45, genetic ecnsidermtions are 
seldom of consequence and it is under consideration to increase 
the pemissible dose to 0.6 r/wk after t}»t age^ . 

As a final word let us not fOrget:that ecasiderable 

6 y 

e3q>o8ure may be derired from anti>>theft and anti««abotage 
fluoroscopy; that readily aooesslble fluoroseopes nay be used 
for dirersion by people ignorant of danger; that medical people 
laitrained in fluoroscopy may abuse fluoroscopy; that patimts 
unless questioned may fail to tell of prerious work; that shoe 
fitting fluoroseopy with all its inherent danger is still with 
us in some places; and that in general we should be on our guard 
against unexpected loo;;Aiole8 for danger* 




this lev«l unless ^r« is cftrelMscXss, and it is not established 
that such a figure Is sufficienUy low. StatlsUoi^and experimental 
studies of long esqpcsik^ to radiat^ indioate fdee increase in the 
rate of aging and inei^i^ed inoid|bnee of leubemia and ineressed 
incidence of oaneer. Thei^ studies « hoverdrt often involve rather 

high dosage rates and altho^ th|iy indfeate a 10^ shortening of life 

i 

span per 1000 t, the figures ^ni^t b* inroperly trauisfeiured to the 

\ i /■' 

human species. One can cmly ded^ that radiation dees t«ad to produce 

this tmfavorable res\ilt under ^i^Wtanees of heavy dosage, but that 

/ 

the affects are relatively ^^igiblb. unless excessive dosage is 

i 

Involved. Thus when we review the various effects we have givwi s(»ie 

1 

acooimt of here, with reference m the pz^blem, we do not find our- 
selves with a ver^'Clear cut ani^r. It wo^d seem however, fairly 
reasonable to say that from an individual stai^oint it should 
certainly be well below 1000 r jmd probably in th^ neighborhood of 


/ V 

300 Tm Vh can ®4d to thls^ tbdt notable concNKifitira^on of dosage In 
early pregna ncy o r at time of ooneeptlai is especially to be avoided^/ 
Calculated Risk. The advent of the i*evolutionary applications 
of idtat may be conveniently termed "atomic energy" has isarkedly In- 
creased and.Mltemed %he problems associated with tiie various pemloiotis 
effects of the ionising radiations. 




One of these, of particular eemeem in the nsvmlr sitabLishmmti/ 
relates to the possibllitiy. i^t under certain eirmastances, personnel 

■ f 

will have to accept eoqMiurmr'in eKdess of those we are accustomed to 
regard as pex^slilble under usual working eondltimiii. This nay be 





unoaeaiMble as in an atc»aie bomb burst or may IhtoIto a eoBBand decisicm 
1 b the .event of operntl«ui In a eontanlnated area. This feature is 
what brings in the element of what is eustomarily designated "calculated 


The approach to these new and unfamiliar problnns is not a 
little befogged by phobias y conflicting tendeneleSy sensational accounts ^ 
"tall stories", and finally, as already indicated, a lack of stiff ieiMtly 
precise infomatlon* 


' Appraisal and elarifieati<» become therefore the order of th( 
day ai^ we can best start bJT n lo<dc at the geneml background. 


Tfetll recently our preoocupaticm in the matter of radiological 


1. Immediate effects of an atomic b<mib air burst. These are 
well described in the publications about the atomic bombings of 
Hiroshima and Nagasaki and need not be recounted here. 

2. further and continued effects from an atomic bomb due to 
contamination by fission products or resulting from induced radiation. 


risk". 




maumfifcAMa d^ggggg tinn ii i any-Tittrftess 



I’dtaBmice wn. .ha a w nat urally itr\ bahwlf of l onfl 




To these eategories we now find we must addi 


This is Wily IngBortant thsrs is a subsurface or surface tearst. 

The ersn^s eonneoted wlto the underwster «qplosion at Bikini give 
us the picture* Essential operations under such eonditicms nay well 
involve ealeulated risk esqsosures. 

3» Eaqposures Involved by purposeful e<mtaniinatloo by radio* 
logical warfare agents. Sudi are purely in the e<mjeetural phases 
and there are technical e<mslderations which would seem to aake such 
cnploysent quite dubious, Tet under sane oireunstanoeSf possible 
enplcynent has to be reckoned with. ProbLens would resemble those 
of the second category » at least as related to calculated risk* 

4. Exposures ineld«ital to operatic of nuclear reactors, 
nore especially when and if eaployed under c<arfitions when conpletely 
adequate shielding nay not be practicable. These probleres are not as 
yet well defined, but conceivably nay arise in connection with nuclear 
propulsi(m. 

LslsgAoal hasawls rrf 

iiures7" w njllB tu e*posn r e over Unite d p e r iod s 


“1 ^1 ff b wl g liL l e a y a day Lu ft fC W houUlS. A'a th e jl tlU m tu the 

Mifivs cieililiiiiiniii irif|TrnTiiTn IriTniTilit^' fTiiflplTr -r - Tirtire 
narleuB fields ef radiology* These cat^ories nlee® involve neve stem 
vMd inescapable necessities«f^^bu the permissible limit of 0*3 r per 
week, devised to take care of ouetomaiy working risks over long periods, 
has cmly United applioatioo to this typs of problsm* The situation is 
nore or lees the sane as in the ease of clinical radiology, lAere dif- 
ferent standards apply and we consider first of all practical therapeutic 





neeMsitj. For IsataneOf la therapy v« often and knovingly give 
doaagea tiiat involve some damage to norsml stsruetures* Jet ter -a , 
Id v e p atient w i t h s kin d e meg e- th a n a d e ad e n e trlth an unM- e mt ahed 


-Mde. It is» of oourse^ a matter for careful practical evaluation 
of all factors. 

In wartime evaluation of radiation basardSy we nmst be just 
as realistie as In the case of other perils. In the ease of naval 
and military necessity ve are subjected to dMidly risks from bulletSy 
explosives and fire in view of the' surpreme need for victory and toe 
determination that our nation and its ways of life must survive. In 
this perspective we must review radiation hasards frma the standpoint 
of objectives to be gainedy and effectiveness of personnel In carty- 
Ing Ml operatlMis • bearicg in mindy of courmcy the probable cost In 
'' tenm of reduced efficiency y possible loss of mMralsy and eventual 
casualties. From this pragmatic standardy let us now evaluate the 
sltuatlcm as far as present day knowledge will waable us to. We can ’ 

arrive at sob» fair approximations from the results of radiation 


research and therapy while we await more precise information from 
present day investigations. 




matters. 



U 



1. Imaedlatc C<m8ld«ratlons t In th« ease of aeute neeessity, 

» 

the najor thought ntost be for effeetlTeness of personnel during action. 
That is what first of all eonoems the naval or military ecenander in 
gaining his objeotive. We ean say that no matter tdiat the dose of 
ionising radiation, a groi;^ of men viU not be mowed down as by bullets. 
If, however, the dosage received is near at in excess of 200 r in the 
space of minutes or less than an hour, effectiveness of personnel will 
be seriously iaqialred in a natter of hours, ^hat is to say that within 
several hours there will be instances of nausea and lassitude akin to 
seasickness. However, due to eosmon appr^ension regarding radiation, 
the morale factor will surely be much more seriously affected. Every- 
one knows that seasickness is a temporary affliction, but everyone ^ 
dreads what may happen to them eventually after a h^vy exposure to 
radiaticm. In this regard the dissesdnation of the knowledge of the 
aftermath regarding Japanese casualties should be he]||ful. The 
survivors are doing very well as far as radlati<m effects are ecncemed, 
and the implieati<m is iiiAt much of the dread of radiation is exag- 
gerated. However, the eomnand decision should take this morale factor 
very seriously, ffafavorable morale reactions in the case of radiation 
involve some peculiar m«ital hasards* These are about as follows i 

(a) Fear of stearility ai»i iispotwice. These are often absurd 
and asaggerated. let emii^tie educati<mal effort is truly needed here 
because these fears stxike very deep levels and are not easily eradicated 

(b) Aura of mystery and dread. The stage has been well set to 
give all the uninitiated an overdose of these morale shakers and this 
calls for edueational effort to keep the imagination from running riot 
and at the same time retain a idiolesome respect for actual hasards. 





(•} Th« inpaet of th« Msam a»d eororo pattern of eeri<me 
radiation lllneas. fliis Is a j^«etieal eoaeidemtion when znsMr<nsui 
easttaXtiee are Inrolved as^ is aggrarated tor the interim of relatirs 
veil being dxjring which ▼iotims nay scatter and so produce widespread 
dMMsralising effects when iqraqfitons recur. It p^nts tip the need «f 
keeping track of potential radiation casualties and also eeqiloyBent 
et the BMist adequate doaiaetry possible, 

(d) Effects of suggestion. There is wide -variation in 
susceptibility to radlatioe syaptemsf but wh«t a few of a grot^ begin 
to develop euoh» there will be a tendeney for quite a few more to 
follow euit. Eheouraganenty dietraetion, and proept dlepeeal of sdld 
oasee are worth ooneideratloa here • aeide froa relieving a group of 
eeriously affected eoon as possible, 

Fraetieal euggesticmst It is probable that the deeision of 
mqiosing people to more -than 50 r on a single occasion should be baaed 
on most serious neeessities» but supposing it bsoomes neoessary to 
oxpose a oosnmnd to exposures of ebeut 5(Vrl00 r or more in s abort time 
(hour or so)t Then what? Pl^slMllyt exeept for some ineldence of 
nausM and perhaps vomiting, they should on the idible be able to carry 
on. Bowever, morale might det^ioratc. The incidence of even mild 
symptoms is apt at present to oooasion undue alarm and the itch to get 
out of the affected aree at once. An isportant consideration, therefore, 
is preliminary indoctrination. If there la a realisation that sueh 
syiptems do not nsocssarlly mean a serious or fatal outeone, it will 
bo oasler to handle ia»e situation. This involves oonslderatlcai of 

a 

dosimetry. If one ean say to his subordinates that they are not 






ree«iTliig fatal or notatij iBjtodous aaounts radiation, it should 
proTo aost halpful. To laavs than in an meertain status would pro* 
bably bo dsaorallslng ones syiaptons began to appear. This points ^ 
the need, at least for those exerelslng ooMnand, to hare aeourate 
inf oraation . It Is probably advisable to sake provision for extending 
self-reading Instruments at least to company level in the ease of 
marines and soldiers. AbcMurd ship it should probably extend to division 
levels and still further in the ease of the Medleal Departments. It 
appears doubtful that such provision should extend to all individuals. 
They would be apt to devote too much attention and eonoem to this 
feature, and moreover they mi^t not properly evaluate their findings. 

2. Delayed Acute Effects . Fblloulng the imsedlate (wi^dn a 
few hours) effeets of radiation in a single brief exposure, there is 
> a variable period of comparative well being which, of course, is related 
to dosage. These didayed effects will produce serious numbers ot 
casualties, only if the acute exposuire approaches or exceeds 2CX) r» 

They tend to come on 10*14 days later and would be along the lines of 
Japanese casualties. Such effects relate to lassitude, QI symptoms, 
low blood counts, dian^ea, hemorrhages, anmsia and infection. The 
literature on this is voluminous and there is no need for reiteration 
here. Suffice it to say -Usat a Commanding Officer and his msdical 
advisors would have the following eonsideratloas to take account of 
in the event of such acute exposure. 

(l) Most of thmie exposed would be incapacitated and require 
hospital care within a period of a few days to a few 
weeks. 
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(2) H«avy iiribysleal •ffort during any intnr^l of 
eoRqparatire veil being » would be distinctly 
heraful. 

•As e eorrelary tbe Coomanding Officer should call for reliefs 
at the earliest possible noaent and would hare to assuae that without 
such, his ecsnand would become noa-^effectire, and probably a liabili^* 
3. Reaote Effects . These are related to total exposure and 
are relevant not only to sin^e acute exposures but also to cusnlatiTe 
effects of repeated uqposures to dosages below Idtose associated vi’yt 
obvious acute elinical effects. Qradually aceianalated total dosages 
nay reach hi^ figures without obvious effect. They are not of para- 

■ount isportance tdien isnediate nilitary necessity is eoapelling» but 

♦ 

should not be lost sl^t of. The fdUowing points can be nade relative 


to rrarate effects. 

(l) Effects are prcportlooate to dosn^ and to a lesser 
extent to dosage rate. , 

(2} nearly all survivors of radiation illness are in good 
condition. However, on the basis of in^perinnits and previous 
experience, we can expect that large totals of generalised radiation 
will involve the following 1 


(a) Increased rate of aging (distinctly nanifested 


in eiqperlaunital aniaals at levels of about 1000 r. 


HegligltOLe except for quite lairge totals (500-1000 i>). 
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(b) Increased incidence of leuconla (about ten tines in 
radicOLogists - nunber of radiolc^ists Involved very 
saallf actual risk extreaely slight). 






(e) GarelQ<^«&le Hot vo3JL ovaluatod and in 

gonoral all^t; looal effoeta as from beta emitting 
fiseian produote more iiap<Krtant here. 

(d) Ind^eaeed ineldenee of eataraet (6O-H0 in Japan; 
a f«v in tble oountxy from neatron exposure) t 
RelatiTely not iaqportant* 

(e) Possible inorease in dwital caries suggested bjr 
recent work (200 rr) at 1Q61I, Bethesda, Maryland. 

(f) Increased likelihood of transmitting unfavorable 
genetic statatlcms. Quantitative calculations 
derived from very uncertain extrapolations suggest 
that this increase nii^t apprcadmate 1]^ for 100 r. 

Rot of general significance unless large proportiooi 

9 

of population reoeives heavy doeage. 

(g) Depending on dosage and dosage rate, there nay or 
nay not be sterility. If this results^ it is apt 
to be temporary in nales; less apt in females. 
(400-^)0 r dose to gonads within a period of a 
month or so is \isually required) • 

(h) lapotency not involved . This is seen only as a 
tenporary phase i^en general weakness and Illness 
severly deplete the body or as the result of psychic 
disturbance. 

(i) Female nerabers of the Armed Fozvies who ni^t possibly 
be involved (HaveSf Itees or nurses) night show 


Bsnstrml diaturbamoea for a oonaldarable period 
and there lal^t be Inatanoea of permanent amanorziiea. 
(300>700 r reoeired within a period of aereral mmitha). 

(j) The quantitatlTe faotora are not well eatahllahed, but 
it would appear that total expoaiirea below 300 r are 
not apt to be of notable remote l<»3g range algnifieanoe. 
Howerer, if doaagea of 30CU400 r are aeeronilated in a 
few wedca time or leae, there will alao be oaaea of 
tm a por a ry alopecia and earloaa effeeta already noted. 

Hediaolegal Comnlleationa. Again theae wonld hare litUe 
if any wei([^t aa telaneed againat military neoeaaitiea, but ahould be 
etmaidered. They would largely derlre from the remote effeeta noted ' 
abore and the natural tendency to blame all ilia on anything eonneeted 
with ^e aerrioe. The aost important eanaideration here would be Uiatf 
aa far aa praetieable^ good records of exposure should be maintained 
ao that the poaalbLe relation of subaequent ilia to expoaure idiile in 
the serrlee ean be properly evaluated, and so insure a fair deal to 
the IndiTldual and proteetion of the goremment from unwarranted 
olaims. 

MOTES OR RSPEATED *GALCnLATED RISK" IXPOSURES 
The foregoing glrea acme aoeount of the problan of aeute 
exposures but there renmlns probLema relating to repeated ecqposuree 
to awnmtr! below the usual symptomatic thre^old. 


S:qp«rimaital stisdles indioat« that if dosaga of 10-50 r mrm 
givan dalljr or erory fov days until doath vmH-tm, that the lethal 
doses will be raised soTex^-fold, even in oeeaaiaiial instanees to 
10-fold* That poses the questlmj as to how far we ean go In that 
n^rd* First of all, we should of oourse have regard for ^e total 
aeoiSBiilated dose re^rdless of timsy and as indioated in the eon- 
eidm^ation of r«sw>te effects y it will be hi^tly desirable to reaain 
bidow 300 r« 

As indicated by <dlnimil experience id.th eaneer eases in 
whi<^ generalised radiation was employed , dally or thrioe weekly 
doses of from 10 to 50 r hare been given without serious effects on 
the g en eral health. Roverery there are deterrante to eonaider. 

a* Uhen ae much as 50 r are received eeveral time weeklyy 
‘tiiere is likely to be some general aalaisey anorexia 
• and nauaesy and headaohe. 

b* As the total dosage mounts to eubetantial figureSy 
say over 200 ry there is apt to be falling off in 
endtiranee ai»i perfoxmancesy lessened resistance to 
infeetiony poor psyehologieal adiustsuRit. 

Ue must remind ourselves to think in terms of individuals 
who are or may be ealled on for supreme perfoxmanoes rather than in 
terns of patients who while receiving suoh dosages are under eareful 
medical and nursing ears* 
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Re<yaffMp<^q^lopff 

Consid«rabl« ^ou^t has ba«n given to this natter and it 
appears reasonably safe to be guided by the following principles. 

1. Avoid ealevilated risk exposures \^enever possible. 

It is worth serious planning and effort. 

3. Consider 25 r as a level within which no trouble need 
be anticipated. 

3. Consider Xhe 50 r sone as a safe level at which, however 
aild synptoms may ocoaslcmally appear. 

4* Consider 100 r as the seme where grave concern shoiild 
begin in ease of a single esqposure. As we go beyond that level 
there will be casvialtles, frequent reduction of effectiveness, azKi 
serious nmrale problems. 

5* The 200 r sane spells serious radiation Illness to all 
concerned, if received in a shox^ time. When received in tmaller 
increments, it is a level at tdiioh close obs^vation is needed, 
and effects noted above may occur. ^ 


av'- 


aid in evaliiation, the following table from 


MIPA Medical Advisory Panel report 1019-IER-17 compiled in 1949 
is quoted. 

» 

ACUTE EXPOSURE Estimated Results to Humans Eiq>oaed to Filtered, 

200-1000 KVP x-rays. Measured in Air. 

The estimates given below apply to ^e average normal Indivldml. 
It shoiild be borne in miixi that there is considerable variations 
in individuals' susceptibility to radiation. 


* Received wl'^in twenty-four hours 


A. 25_r and below: no dotoetaUe clinical effects. , 

1. yrom animal experiiamits it would appear that if man behaves 
like the mouse and drosophila, there will be, due to radiation, 
a genetic effect vhieh is much smaller than the spontaneous 
irate of mutations. In other words, the combined result of the 
spontaneous and the radiation~induoed genetic abnormalities 
would be sli^tly increased but much less than double the 
spontaneous rate alone. 

« 

2. Delayed effects ■ possible but hlg^y is^probabXe. 

B. 50 n slight, transient reductions in lymphocytes and neutrojrhiles. 

No other clinically detectable effects. 

1. Incidence of radiation-indueod genetie abnormalities is expected 
to be approximately the same or smaller than the spontaneously 
oeourring abnormalities. 

2. Delayed effects possibls but serious effects <»i the average 
Individual very improbable. 

IQO ri at this level, nausea and fatigue may be a problem. 

Reductions in lymj^ooytes and neutrophiles with delayed 
recovery* Above 125-150 r, vomiting mj beocne a problem. 

1. ineidenee of radlatlon-iQduoed genetie abnormalities, iidiloh are 
quantitatively proportional to the dose, will probably still be 
ecmparable to or sosMMhat greater than ^ose oeeurring spoz^ 
tanoously. 

2. Delayed effects, in sumnation, would be eiqpected to shorten the 
life expectancy of man on the average by not more than about 1% 
from all causes, assuming that limited observations on animals 
can be extrapolated to man. 

D. 200 r| at this level fatalities, 2-6 weeks after exposures, mi^t 
oeour In a small proportion of ^e irradiated individuals. 
Naxisea, vomiting and fatigue will probably oeour in most > 
persons within 24 hours. Definite depression of praotieally^ 
all blood elements, reduced vitality, in most oases wi^ a 
convalescent period of 3 to 6 months. Tmnporary sterility 
in 8<»e oases and possibly permanent sterility in xmre 
instances. 

1. Incidence of radiation-induced genetie abnormalities will be 
expected to be at least twice as frequent as the spontaneously 
ooeurrlng abnormalities. 


* The expresion, "delayed effects", as used here, refers to any harm 
effects attributable to radiation on the recipient of the radlatlc 
and manifested at any time subsequent to the period when aoute 
reactions may occur. 





2, Delayed «f facts - that these would he of oajor eonseqtumce in 
a SBiall psreentage of indiwlduals wofuld seera rery probable. 

^C)0 rt It would be expected that elrtaally erexyone would be 

inmediately inoapaoltated bgr stu^ an amount of xradiatioiif 
and many would nerer recorer eoapletely. Sooe deaths 
would occur in 2 to 6 weeks. 

One ean add to this tabulaticm ^xat 400 r is probably in the LD50 
seme, i.e. the s<Hie in which 50)E of fatalities is likidy* 

One ean also add ^lat 600 r would almost ineariably prove fatal. 




The usual standards for permissible doses are based on 0.3 t 

masimm in a week, the idea being that if a person reoeived tkat 

\ 

much on a single occasion during that week, he shovCLd avoid exposure 
until the next week. This provision has a reascniable basis fre^ the 
fact that spreading out tha doeage of a noxious agent is always 
advisabls. Us havs noted already the amount of radiation needed for 
lethal effeets is muoh less when given la a si3agle exposure than \dten 
relatively small daily doses are csqiLoyed. Recovery or replaeement 
activities are given time to operate and irreversible ohanges in 
protoplasm proteins reduced. 

Another factor is that the total cumulative dose Is kept within 
reasonable bounds and personnel are ta\aght oaution; The idea, it 
might be said, is not to inoculate fear or drmid, but respeot* 

As already noted we habitually fflceeed the limit of 0.3 r in 
oUid.oal radiation; but in toe nature of things, Intermitteney is 
toe usual order of events. In addition, einee esposux^s are limited 
in area the 0.3 r standard for general or total expostire has little 
rrf.evanoy in any event. 





In certain pile operations hi^er exposures are unavoidable. 

Here a limit of about 5 r is usually set following which compensatoxy 
"time out" is required. 

It is possible that in the service, still greater dosages will 
be unavoidable and in regard to them, the principle of compensatory 
time out should also be employed as far as possible. A few additional 
ccHisiderations are offered bearing vpon this probloa: 

1. ®q>oaures should be minimized by advance planning and 

amngliig for a rote ti on sohadule» 

2. It is probable that a single exposure of 25*^^ r could 

be disregarded. 

3. In other eases compensatory time out should be arranged 
as soon as practicable, and for exposures over 25 r should preferably 
be longer than the amount given by mathematleal application of the 
0.3 r standard. Ho data presently available indicates how much this> 
should be, but a purely personal guess might be hazarded at 25^ 
increase for exposures of 25-50 r; 50^ for 50-100 r; 100^ for 
100-200 rj no farther occupational exposure for those vho have 
received 200 r or more within a period of a few months. (Change 

of work or exceptional precautions.) 

4, When substantial doses have been given, provision for 
medical fdllow-up should be made, including records of exposure, 
treatment (if any), and reports of physical examinations. 

A few notes on personnel dosimetry are in order at this point. 
Research is being earnestly pursued in this field and we are still not 
satisfied with equipment presently available. A prime consideration 


ia, bov«Ter» that for naTal and military opaj^tlonal 'oae, the r^&ge 
be auffielently hi^« Moat doaimetry methods ax*e designed for the 
ttaall dosages incld«at to ordinary peacetime operations. It is, 
however, possible at in^sent to obtain a film with proper range. 

^t is expected that pocket dosimeters of proper range will also 
beecme available before long and there are good hopes from crystal 
photochemical and phosi*or gUBa methods. The Ravy now employs 
photodoalmetry in all zadidLogioal departnMnts including Industrial. 

A few notes on protective garments are also wcnrth noting. 

It is, of course, itEpraoticable and would bo absurd for people to go 
about encumbered with, cay, 300 Ibe. of lead armor to avoid being 
injured by the iimediate radiation from a bomb. It is also absurd 
to go to other extrmes and neglect protective garments entirely, 
(kleulated risks will not Involve meeting the initial high energy 
blast of the bomb, tut rather the radiatimn from fission prodinsts, 
seme of which radiatiem will be relatively soft and also include beta 
radiation. Radiologists for several generatiems have employed pro- 
tective garments and with good effect and not too much inconvmaienee. 
It^ is not eonteai^ted that preeieely the same gear would be ap- 
plleatle to our ealoulative risks, but the subject is worthy of some 
thought in oonneetion with particular activities and circumstances. 

Our basic principle of operation ^ould be that although we 
can absorb substantial doses of radiation irith relative impunity, 
there la no point in accepting any oeposure that is unnecessary or 
negleoting practicable means for reducing the degree of such exposure 
as must be accepted. 
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Th«'probl«H of Intornal hasards in ealeuXated riaka riiould be 
ralatiTely ndaor alnae aueb rldr ean be aTolded by well reeogniaed 
oeana and need not be aeoepted ezeept under BK>at unuaual elre^txmataneea. 
Inhalation hasarda ean be adequately handled by gaa maakaj ingeatim 
haaard ky faailiar ^pea of preeaution inirolring eating and drinking 
and paoking. Contaaiaation of the akin ean be avoided by auitable 
garapsta. 


Internal hasarda arey of eourae, related to poaaibllitiea of 
radiological warfare and ainoe this aubjeet ia the eauae of ao Huoh 
eonjeoture and aoreover inTolvea aueh peculiar nwtal hasarda, it 
aepsa well to digreas a bit to give the gen^l picture* 

In popular accounts one ean readily derive the impreeaion 
that RV ia ridiculously easy. A few puffs of this stuff and a city 
is furnished for ages. In sober seientifie caloulations it beeoaes 
evident that BM ia both «cpenaive and diffieult. And as fen* deserted 
cities, the facts of life as revealed at Bikini, where ^ips were 
eontaainated far beyemd ^e posaib lities of Rtf ae such, show this 
eemcept to belong in the faailiar category .of hair raising myths. 
Limited approaches began in a natter of hours and in a few days, 
we were working on those ships - and not, be it remembered, on a 
caleulated risk basis but within the then persdseible dosage range 
of 0.1 r/day. 


Ue cannot, however, dismiss Rtf from calculation. It would be 
very useful to disrupt work and life in gehMral in an industrial area. 


Rotes on Ra diological tfarfsre 
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and tharetqr oausa a great nuisance^ expense and haznftil interrelation, 
aside from panie possibilities idiieh mi^t be the most, is^portant factor 
of all. It should be dinned into the public's ears that any RV oon« 
taaination will be pr(»ptly detected and that all hands will be able 
to get away fron a COTtaminated area in good time and in most instances 
with negligible harm; that a panic rush will be sure to be far worse 
than any radiologleal ham. 

Since, howawer, it is possible that under certain eiromstances 
the iise of Rtf mig^t be profitable, let us go into a little more detail. 
In the Semi-Annual Rep<»rt of the Secretary of Defense, July 1 to 
December 31, 1%9, it is stated that 

(a) "It my hare the capability, if used in large enough 
quantities, of denying the continued occupation (althou^ 
not temporary access to nor transit) of the target area 
for a selected period of time wi^out deetroying the 
facilities in that area. This would be useful in dexqring 
eneaqr use of friendly areas idiich might hare to be 
eeaemted, or in forcing the eneaQr to eraouate hla own 
faeilities destroying them. ' 

(b) It has a characteristic of ec»q>actnes8, which increases 
the flexibility and reduces the cost of delivery. 

(e) At present, it is a 'mystery %rea^n' and proper use of 
psychological propaganda mi^t hare great effect on 
poorly Informed people. For this reason it is ritally 
In^rtant that the people of the Ifadted States be pro- 
perly Informed eonoeming the defenslre aspects of RV, 
so that misinformation oannot cause panic. 

In general, the diaadvantagee would appear to be 

(a) The continual radioaetlTe decay of RV agents in storage, 
which requires continued discard of old agents and re- 
plenishmmt of ths stockpile. 

(b) If RV materials are produced as a result of irradiation 
of apecial materials in a rmictor, the use of RV must 
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oq^p«tt9 with production of othor atcnlo woapona. 

If too radloactlTo product# resulting trcm fission 
are to be used, to aroid ooopetltion with other 
atoade applleatlons, there are other extremely 
difficult and costly probl«&s to be faced, not toe 
least of idiieh is toe a^aration of desired agmits 
from the complex, 

(c) The fact that these RH ag«its are eoiatantly emitting 
dangerous radiations makes it lj^>erative that shield- 
ing be provided to prcdiiblt e3q>osure of the preparing 
and delivering personnel to toe injurious radio- 
activity, 

(d) The limitation on the use of RW in taetiml situatims, 
beoause of the delay in appearance of casualties, has 
been jnreviously discussed. 

e 

(e) From pjractioal standpoints the probLsn of delivery and 
proper dissemination is pr<^bly the most difficult 
problem to overcome.* 

S 

This is followed ^ a discussion of radiblogieal effects in 
Japan and Bikini which need not be repeated to this audience, and-wlqr 
certain oontaminated ships were sunk. These reasmis relate to obso- 
lescence of the target toips eonoexned, costs of repairs and long 
distance towing, deocmtamination, etc*, as eontparod to the scrap 
value. The section concludes with 

*It would appear extremely difficult to ooncmitrate on 
attack by RW agents over any considerable area to sudi 
an «ctent as to cause serious Injixry from' a toort est* 
poaure. It is possible that more casualties would 
result ttcm continual radiation. However, these areas 
would probably be evaeuated. The evaeuatim areas 
would be determined by monitoring groigie using 
Instruments developed to indioate toe presmee of 
radioaetivity. In thie respeet the Department of 
Dafense le atteiqpting to develop simple, rugged, 
reliable instruarants for detecting radiation which 
are eapabla of being mass-produced for use in toe 
field. Prior to evaeulation, proteetion can be 
gained by eeeking toelter inside the most heavily 
conatructed buildlnge and closing doors and windows 
to prevent entrance of the radioactive nateriala.* 





This glTes the general plotiire. It is of interest to relate 
a few nu>re details. 

Am noted in "The Iffeota of Atcede Weapooe* (page 287), 
radioaetire material eac be obtained from fieeicm prodticts formed in 
the pile or by ptirpoaeful irradiation of el«ients placed in the pile. 

A nuclear reaction in the course of 100 days (million watt output) 
ml|^t produce about one aegaeurie of activity* This spread over a 
square mile coUld produce 200 r/day of 1.5 gamma at 3 foot level.... 
(gamma ray would be the most effective radiation to use). 

It Is easy to see that it would not be simple to use nor too 

cheap. 

The manner of use is ustnlly oonjectusrciA. as being in the fora 
of death sand prepared by drying solution of fission products <m very 
fine sand or metallic powder, irtiich would not be readily detectable 
as It settled. 

In general, advantages relate to denying an adversary use of 
limited areas or facilities for a time, compaotnees, and moet imp<nrtant 
of all and as already mentioned, interruption of woxic and produotitna 
of panic. Disadvantages relate to deoay (lladted half life) and 

s 

res\iltant difficulties in stock pilingi difficulties in separating 
tee most desireble fission psroduets} shielding of personnel charged 
with responsibility of dellveryi dlveirsicm of pile function from pro- 
duction of flssi<aiablc materials. 

If we are well indoctrinated and prepared, RV can have only a 
serloua nuisance value. However, ignorance and unpreparedness which 
conduce to panic can make possible much more serious effects. 


fnm Radioaotliwi 

Thlf eoQ«id«ration of iatornal hazards brings us to the natter 
of mdioaotiye Isotopes. The ell n leal and WQjerinental use of radio~ 
actlTS isotopes will be disciissed later, so toat we will take up here 
the isatter of the long-liTed radic»otiTe isotopes apt to reach internal 
struotures. In the past the radium group was the only one apt to 
figure extensively in this matter. Mow there is]d.utonium as well, 
and we need to rem«aber that long-Ured fission products suoh as 
Sr®^ and Sr^, C^, Cs^^S ^ Cs^^'^, ^ g^lU ^ involved. 

For example, Sr^, a Beta wnitter, shows a 25 year half-life period, 
is well absorbed, se«ks bony struotures and requires over 200 days 
for elimination. It thus has disagreeable possibilities. CeriiM^ 
(275 days) can cause liver atrophy as well as bone sarcoma. Plutoniia, 
itself an alpha emitter, is a bone seeker and is pre-ew'nently apt to 
produce blood changes and bone sarcmaj animal experiments indicate 
that it can also cause liver damage, gi^ying of hair and tumors at 
any point of lodgment. may affect the kidneys upon exoretioa. 

Pathologic effeets depend largely tqoon idiere the material 
loealisee. The main danger from radium derives from the fact that it 
is a bone seeker and aljAa emitter. In spite of short range, alpha 
particles are extremely potent Icnisers and thus damage both bcme 
and embryonal blood cells, so favoring aj^Lastlc anemia, leukopenia, 
thrcmbocytopania and tuausr formation. Dust conveying radioactive 
eontaidjoation will also naturally produce radioactive deposits in 
the lungs and favor t\aaors. It has been known for centuries that 
miners working in the old mines at Joachimsthal in Boh^iia and 



Sne«b«rg In Saeony ctften dl«d of lung coosplalnts . Lately, it haa 
been fotmd that aueh of this la attrlbutalde to cancer from widio- 
aotiYe mterlal (uraniua orea) - the rates of incidence being 22 
as afainat 1.5 for the ^neral population. 

The eaae of the iradium dial workers ia erne well known and 
fmom in nedioal annals. A good account is given bf Martland in 
the Joizrnal of the ineriean Medical Aasooiation, via., 'K>oo\ipatim3al 
Poisoning,* Vol, 92, % and #7, pages 466 and 552, February 1929. 

It is worth looking up vdien you find yourself with a little leisure 
while in a medical library. What happened was that a number of 
these workers absorbed radium or nesothoriua vi'to the result that 
there were a mmiber of deaths from things as anemia, boeeal necroses 
and sarcoma of the bemes. These were finally traced to the radio- 
active material they ingested. 

Our main e<msiderations are related to lax^e scale handling 
of radioactive matei*ials in connection with military, medical and 
industrial uses. A primary and difficult matter is the inhalation 
problem. There lies perhaps the moat insidious hasard. Plutonium 
ia an alpha emitter and ^ere can be no doubt that it will in az^ 
notable amozznta, which in this instance is in terms of mioroeuries, 
be earelnogenie. Further, zidten it reaches the circulation, it 
seeks the endosteal spaces and so has the aMlity to produce 
anemias, and blood ^^erasias Jtist as radius. It is greatly to the 
credit of those responsible for radiation safety and health measures 
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in our gigantic plants that va arc not headed for any such, diaaetere 
tibat orex^ook vorkere of no aortt than 20 years ago. This is the 
result of high safety standards and lew levels of pemissible dosage. 

As regards toleranee or pemissible aaounts, neither plutonitaa 
or radium ean be oalled tolerable at all but standards are devised 
with tile idea of keeping lifetime absorption below 1 miorogran. A 
safe limit is mentioned by Farker as 0.1 of this in view of an 
equivalence in RIM's in the bemy strootures calculated at .160 REP 
per day. Since definite damage has been related to a single mlorcgraa 
in sene experimental work, title margin of safety is hardly excessive. 
It mig^t be noted that the fatal eases reported by Hurtland showed 
from 14 to 180 micrograms in the b«gr stz*uoturea. It is worthy of 
note tooy tiiat Flutonlumy although it disintegmtes more slowly than 
Radium (half life of about 25«000 instead of about 1600)^ is given 
the same tolerance figure. This is because histologically it settles 
in the endosteal spaces so that a greater percentage of its alpha 
particles will reach blood-forming cells than is the ease with Radim 
idiieh is more widely diffused in the bone. Pu is also ellainated 
much more slowly than Ra. 

Ingestion hasarda from Pu are not of the same degree as with 
Ra since efficiency of absorption is low. Nevertheless , one cannot 
rely on such too implieitly and we have to think of the local effects 
of the gastro-intestlnal tract and its lyiqdi,^whioh could well retain 
Pu particles. Thus, am H.gid safeguards are in order. Inhalation 
is a istash more serious matter and so we have the usual "housekeeping" 





safeguards to keep dtist oontaainatlon at a sinimua and oKmltor the 
air 1e working spaces, also surfaces suspected of contaadnation ty 
the aliAa soitters. Permissible ooncTOtration of radioactivity is 
set at 5 X 10^® mierograas or 3 x 10“^ aierocuries per ce. When 
there is possibility of dust hasards, protective masks are in order. 






Permissible Dosage Table 

Basie unit, the r or Roentgen, originally applied to x and 

g^saa rays. It produces 1 esu of charge in 1 ee or 0,001293 ga air. 

The r is equivalwat in energy to an 93 ergs per gram average for 

tissue and results in 1.615 x ion pairs per gram tissue^ 

D«pivatlve units! Roentgen equivalent fd^ysioal or REP based 

oi the energy production noted above, and roentgen equivalent aan 

or REM based on equivalence of biolc^eal effects, 

• « 

Basie permissible dosage 0,3 r/week. 


In detail this worics out as follows t 


mmAL RADIATIOK 
(1) Total body exposure 


(2) Local external 


(3) Individuals woxiclng with 
external radiation for 
short period not to exceed 
two years. 


0,3 r (0,3 REP) Integrated over a 
period a we^ obtained in a single 
or acciAulated dose. 0,05 r (0.05 
REP) or less/24 houis for routine 
operations. Integrated exposures 
greater than 0.3 r per week require 
removal from further exposuire until 
'•recovery* can be effected using 
one week as the time index of 
expostnre, 

1,0 r/we^ for beta exposure to the 
hands. 

1.25 ry^DOnth - single exposure 
allowable If no further exposure 
that nsonth. 


Will probably be increased to 0,6 r/idt for those over 45, 
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•T?. 


^v^-- .-5.. 


-1^^. .- 


^v^- 





( 4 ) Particle aeoalaratora and 
nautror. axposizraa. 

immmL radiaiios 

(1) Plut<mlu& or hoa'fy alplut 
mittora. 


Plutonium 

Radium 

Radon 


( 2 } Air eontanination bgr more 
hasardous beta/gassna 
anlttera. 


( 3 ) Air e<mtaninatic»v-alfto. 
Radon 

( 4 ) Food and watar eontamina- 
tion. 


Spaeial tolaranoa eonaidaratlon 
not in scope publication. 


—12 

5 X 10 mioroeiiriea/eo of air 
for eontinuous exposure for <me 
year. 

0.5 aiorogram within the body. 

0.1 niorogram within tiOie body* 

•mli 

10 owie/iiter exhaled air. 

5 X ICT^ eurieAlter eidialed air. 
(pre-employiieBt ) 

ICT^ aleroeuries/oo air. General 
nde la to wear aaaka idien extent 
exceeds 10*^ »ieroouriea/ec air and 
to eraeuat^area idicre air e<»itent 
exceeds ICT^ microeuries per ce air, 

5 mioroctiries/ce air. 

ICr^ curiesAltter. 

ICT*^ mioroouries/ee. 


Radioactlye Subataneea 

Basle unit> the curie or radioaetlrity equal to ‘tiiat from the 

radon in equlllbrlun with 1 gram of its parent substance, raditai. 

(Requires 132 days to establiidi). 

ttlllieurie lAOOO^ curie 
Mieroourie lA^OOth miUicurie 

1 curie eqialralttit to 3.7 x 10^® dlsintegrations/see . 

1 ailliourie equivalent to 3.7 x 1C' dlsintegrati<ms/sec . 

Roentgen Hour Meter (RIM) (proposed) degree of radioactivity 

that will produce 1 r/br at 1 metto*} requires 1.16 gm radittsi relates 


'i 

i 

1 

1 


: 


•I 


lai^ely to gaana and alpha emitters in general. 


35 


R •quivalants of curies t Yaries greatly depending i;^on 

type and energy of radiations as well as distance and filtration 

factors which greatly affect alpha and betat 

1 gm or 1 curie Rat4^ r/sec at 1 on mostly from alpha 
(2.4 r froB gnisaa) 

0*864 r per hotxr at 1 meter (gaaaia) 

R value of Ra with 1/2 j»n Pt filtration (gamma rays only) 

J*A • 8jt4.jL.Sgi 

Permissible Amounts and CcmcentratleBS. of _Sadloigptope.g 
that Become F ixe d i n th e Body 

Maximum Permissible Maximaa Psormisaible C<x>centratioja 




Mr 

msK 


10^ \ie 

IxlCT^ pc/cc 

10 pc/cc 

la^ 

15 pc 

10*^ pc/cc 

0.005 jw/cc 

p32 

10 pc 

2x10"^ pc/cc 

2x10^ pc/cc 

jl31 

O.i po 

ICr^ pc/cc 

10"^ pc/cc 

U 

— 

50 pg/m^ 

— 



3.3x1cH-^ 


Ra226 

0*1 pgm 

2x10*^^ pe/co 

4x10"® pc/cc 

Pu(soluble) 

— 

pgm/co 

4x10"^ pgm/ee 

Pu (insoluble) 


2.5x10“^ pgm/ee 



All the values are to be divided by an addititwial factor of safety 
of 100 when they are applied to large centers of population* 

CQSCLUDIKG REMARKS . As mentioned already, the upper limit 
of eueiulative dosage is a matter of much concern on the score of 
individual welfare and welfare of the race. We need increasingly 
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proelse infoTsatien \Aiiehf however^ may b« a long time eoming. la 
tha maantime, it Is osrtain vs should mininiss szposure and correct 
natural tendsnoiss to forget and eren eiroutsvwnt safety rules. 

In ererv day ellnieal aedioine we have radiography and 
therapy to consider in relation to the patient and doctors and 
technicians. Standard safety practices have been in effect 
years and in gelberalf patients are well protected. However^ the 
future will probably bring an increasing degree of eicposure rather 
than the opposite and there are inspectoscopes and wider application 
of photofluoroseopy In the offing. It is probable that technicians 
and i^diologlsts could profltatdy go In for dosimetry to keep track 

&>. PoSi«AA. 

of their accumulated saEperieiiee. This would discourage recklessnessf 
revwl shortoomjngSf prcnote eauticm, and give excellent training. 

As a matter of fact, st*ch a program is in effect in the Bavy at 
present. 

As regards patl«ats, although it would be difficult and 
uncertain to relate caaual radiographic exposure to terms at all 
equivalent to total body irradiation, nevertheless certain types 
who re uire repeated radiography, e.g. ohronie urologle and gastro- 
intestinal eaass, dessrve speeial records and special thought. 
Prsf^rtum films may be brou^t into question and recant studies 
indicate a probability of about 0.9 r in the pelvis from a set of 
radiographs. This does not appear too seriotis, but on the other 
hand, one should certainly not be free with z^peats. Inspectoscopes 
(anti-theft and anti-sabotage fluoroseof^) demands stringent over- 

V 

si^t. 







A final word as regards isotopes. There is great enthuaiaaa 
for thea eAmftmmmit and certainly use of them is increasing rapidly. 
We hare seen how enthusiasm has blmted the edge of risk perception 
in the past and we must remeher that all precautions are still in 
order and that we must be od. guard constantly. 

For radiological safety In this age and time we need a 
combination of t 

Carefully drawn rules. 

Properly safeguarded apparatus 

Sound methods 

Properly indoctrinated personnel 

High standards 

Good superrlslon and vigilant Inspection 

High morale and cooperation 

Finally y the basic indnoiple must be never to accept excess 
exposures except under the most convening and unavoidable circiaa- 
stances. This takes time, effoi^, thought, painstaking care, and 
exp^ise, but we have no real choice but to carry on at this level. 
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First of all let me express my appreciation to Admiral 


Bolster and Captain Shilling of O.N.R. for the opportunity to give 

this talk to you. I appreciate being here for several reasons: I 

am glad to present information about a subject of such importance; 

then from a selfish standpoint, I am always glad to revisit Bethesda 

where I spent so many pleasant years in active professional work 

and where later I was privileged to be associated both with the 

Atomic Defense Division and the Research Institute. Finally, I 

< 

am glad to see so many scientists whose interest in the Navy has 
kept them active in the reserve. 

It is very encouraging - all the more so since many people 
take a dubious view of people in uniform doing research and high 
grade technical work. The fact is, of course, that scientists 
in uniform have done and are doing important research, and I 
think we can look to the future with optimism. True there are 


handicaps but there are also advantages. In general from year to 


year there is a trend to better accommodation for our researchers 


and skilled technicians. 


mdicaps relate largely to rotation in assignment, intej?- 


ruption and interferences, bureaucratic budgeting and gener^ 


inelasticity. Rerarding the first, how is one to know the Navy 


intimately if he does^t circulate around a bit? And I mean not 


only circulate but actuallV do duty in more than one place and 


occasionally at sea. Such intima^^ with service life can serve to 


promote insight into naval pfoblems\nd necessities and also 


stimulate new ideas. 


The whojre thing, of course, relates nOT>smerely to proper 


balance ijr naval experience but also consideration o^all circum- 


staxx^es pertaining to the individual and the work he is doing. 


At all events, I am here to say a few words on the medical 


aspects of atomic defense in the Navy and in so doing one 


immediately becomes concerned in research, ^hat is natiaral because 


in spite of all the efforts made to date we have no end of things 


to learn yet. 
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One can only marvel at scane of the stories that come up 
from the past relating to a feeling of hopelessness on the part 
of some people because everything worth while has been discovered 
or invented and there was nothing left to do. 

We laugh, snicker or smile at such things yet let us remember 
that challenging phenomena often lie unperceived or neglected right 
under our oim noses. Thus x-rays were almost begging for discovery 
while scientists like our own Dr. Goodspeed laid aside the piizzling 
eve i ^ a g for another day. It remained for Roentgen to perceive that 
something really startling was happening in connection with Crooke's 
tubes and then to go after it systematically and brilliantly. 

The resxilt is familiar history and there is no point in 
further detail other than to pay tribute in passing to Wilhelm 
Conrad Roentgen as a great scientist and a great man. He is, 
one might say, the patron saint of radiologists and a most worthy 
one; and his work at the turn of the century startled the world 
almost as much as did the atomic bomb half a century later. 
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I mention this not merely because of similarity in 

sensational publicity but because in addition there is an inter- 

lA^ Cti 

relation. The study of ionizing radiation r e s ultx n g -fgCTi x-ray 
soon progressed into the study of ionizing radiations emitted 
naturally from certain elements. Soon we had Becquertl's 

I 

discovery of natviral radioactivity and then the Curies discovery 
of Radium and Polonium. 

The story of how this led up to the discovery of fission 
possibilities and the invention of the A bomb is quite too long 
for this occasion. It is interesting though to reflect that a 
discovery with the most fearful potentialities began with very 
little fanfare when Hahn and Strassman dubiously noted that some- 
thing very curious happened when they were trying to build up 
transurajaic elements by shooting neutrons into uranium. They 
obtained traces of lighter elements such as BJ^and Kr and it was 
evident that the heavy uranium atoms were breaking into lighter 
fragments . 
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To a handful of scientists this was of startling and 


tremenduous concern. To most of us the implication would not 
have been apparent and the discovery merely something to rouse 
idle speculation; and indeed the remarks of scientists about 
huge energy releases did result in some S-unday supplement articles 
about ships going round the world powered by a little xiranium. 


However most of us put that idea in a category of very remote 
possibilities just as was done early in the cent 


books: "There is power enough in every breath we draw to rtm the 

workshops of the world.” I remember quoting that in a thesis I 
prepared on'Hadium and Radioactivity and the Disintegration of 
Jfetter" in 1915, almost 40 years ago, 37 to be precise. Well 
on this modem occasion the sitxiation was radically different 
because the release of neutrons upon fissioning of uranium 
indicated the possibility of a chain reaction. I need not go 



remarks 


remarks of the great Sritish scientist Thompson 



into that subject further with this audience but would only note 




that most of us would be about as obtuse in recognizing , important 
news as the old darky of Nat Wills' famous recitation "No News 
or What Killed the Dog". This amused people a generation ago 
and is now so old that it can be revived once in a while in the 
knowledge that very few remember the skit. 

At all events fission, the chain reaction with fantastic 
energy release and the various ramifications into nucleonics and 
radioactive isotopes have brought us into the modem Atomic Age. 

Thanks to the war the gestation was not only accelerated 
but the birth dramatic and horrible in the extreme. 

With the blinding flash and thundering roar of a gigantic 
explosion, Hiroshima crumbled in ruins which in a short time were 


swept by a fire storm. 


- ./-s, .v' ■■■"•• 




A few days later it was repeated for Nagasaki except for 
the fire storm. 

Such are the possibilities we have to live with in this 
age and hateful as the prospect is, we must face it. We may find 
ourselves on the receiving end of similar bombs. Wherefore the 
great and necessary emphasis these days on civil defense as well 
as the concern of the military for both offense and defense. 

The medical problems relate largely to defense and it is 
with thfcsf that I would like to deal briefly. 


The medical problems of Atomic Defense are enormous and the 
Navy Medical Department comes in for an extra share of them. We 
have certain peculiar naval featiires to deal with and in addition 
are concerned with most other problems as well. The Navy Medical 
Department is the one that functions all over; over the seas in 
our various types of naval vessels; under the sea in submarines; 

>v 

in the air with planes and blimps, and ashore or amphibiously with 
the marines. And since many of our naval hospitals are in or near 
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important cities, we become concerned with emergency aid in 
assaults upon cities. Finally we now have some special problems 
with our nuclear powered submarine. 

The problems of atomic and other special weapons are such 
that we habitually devote a full week to skim the field in our 
courses for reserve medical officers. Thus, if this dissertation 
is somewhat fragmentary or rudimentary I hope you will be lenient 
in judgment. 

As you may recollect the Navy first became seriously 
involved with atcanic weapons in the conduct of Operation Crossroads. 
Those tests called for extensive research and following the xinder- 
water burst of Test Baker, very troublesome radiological safety 
problems had to be met. 

The advent of nuclear weapons had already caused much 
cogitation and the realization that the future woiild bring more 
and more problems resulted in the establishment of the AFSWP for 


general coordination of A.W. matters in all services. Within the 
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Navy Medical Department the Atomic Defense Division was set up in 
1947 and now is part of the Special \4/eapons vision. The responsi- 
bilities of the division relate largely to Radiological Safety^ Train- 
ing^Research and Classified files. 

In connection with the first, stiitable standards were set 
up and promulgated. Eventually they were codified in a formal 
brochure and a recent revision is now available. 

It was early recognized that personnel dosimetry was an 
important consideration for the Navy - the reason being that we 
are more likely to be concerned with subsurface (underwater) bxirst, 
than any other organization. 

Such bxirst, of course, produce gross radioactive contamination 
on a large scale. In connection therewith we have to think of such 
things as 

(a) Escape and rescue operations 

(b) Decontamination of personnel involved in base surge 


or "fall out" and provisions for casualties 


(c) Essential naval operations in the midst of 


contamination . 

(d) Decontamination of material. 

The evaluation of risks thus incxjrred bring up the matter 
of personnel monitoring and what we call calculated risk in accept- 
ing exposure . 

At present the most generally practical, acc\irate and 
economical method is photodosimetry. The Radiological Safety 
branch prcmptly went to work on the sesrvice problems concerned 
with this procedure and after several years of preparatory effort 
it became possible to adopt the procedure throtjghout the naval 
service in our hospitals and also industrial radiological depart- 
ments. This serves the double piorpose of providing a greater 
measure of radiological safety and developing a group of trained 
personnel for military needs in the event of atomic warfare. 

Before leaving the matter of radiological safety it should 
be noted that there is still considerable confusion about two 



aspects, (l) The over-all importance of radiological hazards. 
( 2 ) Appropriate standards for the Calculated Risk type of 
exposure hazard just mentioned. 

Following the Japanese bombings, severe radiation illness 
as a formidable, unfamiliar, devastating and frequently fatal 
complication, made its bow to the world in gruesome fashion which 
could have provided worthy inspiration for Dante or our own Poe. 

It was novel, startling and disconcerting; and the very 
natural concern over this type of casualty soon ballooned into 
disproportionate preoccupation so that many people were thinking 
in terms of Gei^fer counters when they should have been thinking 
primarily of the more custcmary varieties of injury. It became 
necessary to point out that this loss of perspective could lead 
to misdirection of effort and predisposition to disastrous panic. 

The fact is that with an air burst, which is the most 
likely form of attack, the best estimates give us only 15 % of 
casualties from radiation. That I think can speak for itself 
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as indicating that it is not the major hazard. Burns, crushing 
injuries lacerations from shattered glass and traiana from flying 
or falling debris are the major inj\aries we will have to contend 
with. Nevertheless the radiation hazard is still a substantial 
one, and not to be disregarded either. The feature of immediate 
importance is that with an air burst radiation will have no 
important bearing on rescue operations, or first aid. 

It will become more important later and it is well to 
ronember also that other factors may enter the picture; First, 
bvims and other trarmia may be veiy adversely affected by very 
moderate dosage of radiation. Second, granted good civil defense' 
with adequate warning is to be expected most people will reach 
shelters vdiere they will be protected from flash burns and blast. 
This will greatly reduce casualties from those causes. At the 
same time many shelters will not protect sufficiently from rays 
so that we may have an increase in radiation illness beyond what is 


cvurrently anticipated. 










Finally, althoiigh unlikely as a major method of assrnlt, 

RW might be employed as a panic weapon and we should be prepared 
to deal with it. 

Thus in avoiding overconcem about radiation we must not 
run into the opposite danger of disregarding it. 

Reverting now to the confusion concerning calcxalated risk; 

It is generally known that the standard permissible dosage 
limit is 0.3 r/wk. This was adopted quite recently, the limit 
previously being 0.1 r/d. This is very low and quite rightly so 
for it is designed to protect workers constantly subjected to 
exposure in the course of their occupation. However, this back- 
ground tends to be forgotten and when there is talk of exposures 
of 10-25-50 and 100 r or more, people become greatly concerned or 
even panicy. 

It is well to remember that the 0.3 r standard has only 
indirect relation to occasional exposures. 
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It is common to grossly exceed this level in everyday 


practice of clinical radiology and we consider practical factors 


of necessity and not 0.3 r/wk. 

Similarly in the matter of Atomic Defense we must be just 
as practical in the mtter of occasional exposvires. Let us note 





seme quantitative relations from NEPA Medical Advisory Panel report 
1019-IER-17 compiled 1949 


t/ 

ACUTE EXPOSURE Estimated Results to Humans Exposed to Filtered 

200-100 KVP x-rays. Measured in Air. 

The estimates given below apply to the average normal individual. 

It should be borne in mind that there is considerable variations 
in individuals* susceptibility to radiation. 

25 r and below ; no detectable clinical effects. 

1. From animal experiments it would appear that if man behaves 

like the mouse and drosophila, there will be, due to radiation, 
a genetic effect which is much smaller than the spontaneous 
rate of mutations. In other words, the combined result of 
the spontaneous and the radiation-induced genetic abnormalities 


2 . 


wovild be slightly increased but much less than double the 

spontaneous rate alone. 

11 / 

Delayed effects possible but highly improbable. 


V Received within twenty-four hours. 

•SJ The expression, ’’delayed effects”, as used here, referes to any harmful 
effects attributable to radiation on the recipient of the radiation 
and manifested at any time subsequent to the period when acute 
reactions may occur. 
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B. 50 r ; slight transient reductions in lymphocytes and neutrophiles . 

No other clinically detectable effects. 

1. Incidence of radiation-induced genetic abnormalities is 
expected to be approximately the same or smaller than the 
spontaneously occxirring abnormalities. 

2. Delayed effects possible but serious effects on the average 
individual very improbable. 

C. 100 r ; at this level, nausea and fatigue may be a problem. 

Reductions in lymphocytes and neutrophiles with delayed 
recovery. Above 125-150 r, vomiting may become a problem. 

1. Incidence of radiation-induced genetic abnormalities, which 
are quantitatively proportional to the dose, will probably 
still be comparable to or somewhat greater than those occur- 
ring spontaneously. 

2. Delayed effects, in summation, woiold be expected to shorten 
the life expectancy of man on the average by not more than 
about 1 % from all causes, assuming that limited observations 
on animals can be extrapolated to man. 

200 r ; at this level fatalities, 2-6 weeks after exposures, might 
occiar in a small proportion of the irradiated individuals. 

Nausea, vomiting and fatigue will probably occur in most 
persons within 24 hours. Definite depression of practically 
all blood elements, reduced vitality, in most cases with a 
convalescent period of 3 to 6 months. Temporary sterility 
in some cases and possibly permanent sterility in rare instances. 
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1. Incidence of radiation-induced genetic abnonnalities will be 
expected to be at least tvrice as frequent as the spontaneously 
occurring abnormalities. 

2. Delayed effects - that these would be of major consequence in 
a small percentage of individuals would seem veiy probable. 


E. 400 r ; it would be expected that virtually everyone woiild be 

immediately incapacitated by such an amount of radiation, 
and many would never recover completely. Some deaths 
would occur in 2 to 6 weeks. 




One can add to this tabulation that 400 r is probably in the 
LD50 zone, i.e. the zone in which 50^6 of fatalities is likely. 

One can also add that 600 r woiild almost invariably prove fatal. 


So much for acute exposures. It is conjecturable that certain 


operations such as nuclear propulsion of air craft might entail 


repeated exposures of moderate degree. In this regard current 
thought is that exposures up to about 25 r might be repeated weekly 
to a total of 200 r with relative impunity. 

The word "relative” is \ised advisedly because it might be 


remembered that often ionizing radiation is a noxious agent 



reminiscent in its effects of a general protoplasmic poison. 



■ ■ ' ^ - 

I 

Therefore we must always aim to reduce exposure to a minimum and 

never accept "calculated risk" degrees of exposure lightly. 

* * * * 

The training activities have been very widespread and have 

» 

involved short courses, intermediate and some up to several years. 

The Medical School in cooperation with the Atomic Defense Division 
set up short courses some three years ago. They are still continued 
and are qtiite popular, being well attended largely by Reserve M.O.S. 
Members of the staff of the Atomic Defense Division and of the Naval 
Medical Center, particularly NMRI, have given generously of their 
time and effort in connection with these courses in special weapons, 
and also in giving lectures all over the country and indeed the 
world. It should be noted too that we have made use of many experts 
from civil life to help in these courses. (Drs. Lapp, Carl Z. Morgan, 
Shields Warren, Charles Geschickter, Gemil, Gerstell, George Lyon, 
and others have all helped.) 
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It might be noted too that one of the earliest and most 
useftil brochvires on the medical aspects of A.W. was prepared in 
the Atomic Defense Division largely by Captain Haight. 

Post gradiiate training has been carried out in various 
universities and has usually been supplemented by three months 
indoctrination at Oak Ridge. 

Finally, before leaving the matter of training it should 
be noted that at the Naval Medical School, all x-ray technicians 
are trained in photodosimetry and selected ones in isotope 
technique. 

« » * * 

Coming to the matter of research, the Navy Medical 
Department covers a very wide range in the matter of A.W. 

A considerable amovmt of research is vigorously ptirsued 
at NMRI and NRDL, and there is active participation in the field 
of atomic weapons. In fact NMRI has had to "carry the ball" in 
many operational and organizational phases of the biomedical 
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programs of these tests. Outside the Navy, through ONR many 
university projects are being supported by the Navy. 

Time would not permit and it would also prove tiresome 
to catalog completely what we are doing study by study • Instead 
I will only touch on some of the high lights. 

At Operation Crossroads much general information was 
obtained which helped a lot to firm up effects of total body 
irradiation. In succeeding tests the effort was made to obtain 
more detailed and precise information as burns and radiation in 
particular. Elaborate devices were designed, constructed and 
tested to that end and I might say that an enormous amount of study 
and work went into those efforts. That was essential in order to 
obtain valid results imder very difficult operational circumstances. 
Captain Draeger and the Institute staff were especially active in 
this matter and did the lion’s share of developmental work. 

Pathology, and hematology of radiation illness were 
studied in great detail and surviving mice are being followed up 
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indefinitely for remote effects. A major effort was made in the 
stiody of burn phenomenology by Dr, Pearce of Rochester, New York 
and his group. 

On the radiation physics side, radiological phantoms were 
used to determine more precisely the energy spectrum of the 
ionizing radiation. (Describe phantoms) That is very important 
from the standpoint of protection. 

We have also been interested in personnel dosimetry beyond 
the ordinary working levels. Work on activated Bromide crystals 
has been done at the Institute and this has resulted in a device 
in which simple color change to varying degrees of blue gives a 
good estimate of exposure beyond 25 r. 

Work at NRDL has produced a phosphor glass which gives 
satisfactory readings beyond 10 r this hy virtue of proportionate 
fluorescence under U.V. It is not self reading but is cheap and 
practicable and widespread use in the Navy is anticipated. 

At NRDL there have been studies of performance following 


exposure to radiation. It is well known that serious exposures 



what we desire in that field is more precision and it is hoped 

f 

V • 

some interesting results will be forthcoming. They are also 
engaged in a number of interesting biological studies of funda- 
mental nature and considerable work is being done on decontamination 
problems . 




At NMRI we have done much work following up the field 
tests. Nimerous pathological studies have been made and many 
stTidies on hematological problems. 

Studies on glutathione and other prospective or possible 
remedies have been made. 

One of the difficulties in radiation work on experimental 
animals has been comparison and reduplication of results. This 
has been given great attention by Dr. Ellinger, CDR Chambers and 
CDR Morgan. It was found possible to stabilize the physical 
factors much more closely regulation of current fluctuations 
and careful dosimetry and to apply more precise exposure techniques. 
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The resiilts were so encouraging that an exhibit was made for the 
last meeting of the Radiological Society of North America and is 
being shown again, I believe at the American Medical Association. 

Some of the things we have been doing here are; Studies 
on radioactive Galliimi in relation to diagnostic and therapeutic 
possibilities and studies involving staining techniques; I have 
skipped along veiy rapidly in this — all the more so that you will 
be able to see for yourself what our people are doing in the 
laboratories. I hope to rouse more curiousity than satisfy it. 

Finally, I might note that in order to cover the energy 
range of radiation with some completeness we have nearly finished 
installation of a Van de Graaf generator - 2 mev (this will be 
used cooperatively with the naval hospital) and also the installation 
of a specially designed if ray generator employing Cobalt 60. This 
is the most interesting piece of apparatus which I hope you will 
all take a look at. 

Much work has been done on blast generator designs and 
prototypes to duplicate the shock wave form of an Atomic Explosion. 
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in developing a type sufficiently large. 


OM should not be passed by and it should be noted that the 


Navy is sponsoring extensive research in the field of A.W. This 


relates to trauma in general, shock and thermal injuries as well 


as ionizing radiation. 



So much for this very general and superficial resume of 


research. As presented, it doesn't signify very much other than 


that we are very active. As a matter of fact all listings and 


descriptions pertaining to research are insufficiently revealing 


You need to see the work going on, talk to investigators, and 


finally see results and reports. These I am glad you will have 


the opportunity to do in part and I am sxjre the Research Institute 


and its staff will provide much to interest you. 


In closing I would like to describe briefly general 


orientation in the field of A.W. research. Naturally it involves 
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and circulation. 

(2) We wish more precise knowledge as to long range 
effects of radiation on the individual and on the race particularly 
as related to standards for permissible expos\xre levels and prognosis. 

(3) We need still more information on the matter of internal 
radiation hazards from various radioactive isotopes and associate<i. 
therewith j contamination and decontamination problems. 

(4) We need more information as already indicated on 
performance and effort possibilities associated with heavy 
exposxares . 

(5) We wish to explore fvirther the therapeutic possibilities 
in radiation diseases. We are far from satisfied with what we can 
do and there is a long way to go. 
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(6) We need more data on plasma extenders. We must 




reckon with the possibility that a major assault on the coimtry 
would entail casualties on the scale of millions and far exceed- 
ing our ability to supply the whole blood and plasma desired. 

(7) We are interested in further improvement in methods 
of parenteral nutrition, 

(8) We need more work on tissue preservation involving 
bone, skin and blood vessel banks. 

As a final note in the matter of atomic warfare I might 
mention Civil Defense. Naturally that is not supposed to be a 
service concern; it has its own establishment and a very large one. 
Nevertheless there are broad fields for cooperation between service 
and civilian defense organizations. We will all of us be battling 
with hvige problems and will have to aid each other if the gage of 
major warfare is flung into ow face. 

Certainly the service hospitals and medical departments in 
general are going to be called on. Aside from that a direct naval 
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concern is that a number of our great shipyards are in likely 
target areas - New York, Philadelphia, Boston and San Francisco. 

The Navy and Air Force too, have special responsibilities 
in interception, warning and communications. 

The Army and Marines may well be called on for various 
emergency services. It is not contemplated and should not be, 
that the services will "run" civil defense. It is well recognized 
that they have other concerns. Nevertheless some emergency help 
is likely to be inevitable and in order thatlhis will not bee cane 
excessive or by default extend too much or too long into control 
phases an efficient, capable, and adequate civil defense is of 
direct concern to the services. So much is this so that the 
services have gone along with FCDA and FSRB in a large research 
project designed to make a complete and comprehensive survey of 
all the aspects and problems of civil defense. This has been a 
large order and was imdertaken by the A.U.I. (the organization 
that operates Brookhaven) xinder the title "Project East River". 


I 
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The work is now nearing completion and it is expected 
that reports will be published in the late s\ammer. 

I believe it will furnish an excellent and comprehensive 
backgro\and for CD planning. It will provide authoritative information 
and give a nvtmber of thoughtful recommendations, many of which in the 
natiire of things, spell some trouble and expense. The effort is 
keyed, however, to the concept of what is reasonable and practicable 
rather than to offering perfectionist solutions. 

For instance it is proper to talk of dispersal and it is 
certain much can be done on this score. Nevertheless a perfectionist 
type of calculation made some years ago produced a figure of $300 
billion dollars in cost combined with ruinous econcanic disturbance 
and interference with production. I recall General Graves mention- 
ing that figure in 1947. It is doubtless reasonably correct but 
the reaction to such figures is that many say in effect "It*s 
absvird to even think about'* and so the whole subject is dropped 
or given scant attention. We tend to extremes and so if we can't 
do everything desirable we are apt to sit back and do nothing. 


At any rate this Project East River has called for much 

work by many able people and it is not too much to hope that its 

findings will be given earnest and continued consideration by all 

people in responsible positions. 

» 

As noted before we in the military are vitally concerned 
and it can be pointed out that not only will a good civil defense 
keep us going by preventing or minimizing loss of the sinews of 
war, but will tend to prevent all out war. It is well recognized 
by enemies that our industrial might and the scientific and 
technical knowledge of our people, as well as the valor and skill 
of oTir fighting men turned the tide of victory in o\ir favor in two 
major wars. Thus one of the first pxirposes of an enemy would be to 
knock out our industry and if a well organized civil defense is 
added to good military preparedness any enemy will hesitate very 
long before he plays the final card of all-out combat. 

The part that all of us in research can play in the matter 
is obvious. It is essential that otir country be in the vanguard 
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of scientific progress in both basic and developmental research. 
We need plenty of both and thejr really go hand in hand. And if 
we maintain an open mind, alert curiosity, willingness to explore 
new possibilities we can be sure that there will be great rewards 
not only from the standpoint of national defense but from the 


standpoint of the healthier and happier living. 












Dear Mr. Brovdyt 

Thank you for the oloaranca* I am 
enoloslng a copy for your files. A few 
changes have been tnaie but they do not 
affect clearance. Recent articles and 
the meeting of the Cancer Socie'^ here 
gave me a few more points to incorporate. 

Hope all is well with you. 

Best regards. 

Sincerely yours, 


C. P. 

Rear Admiral, MC, USR 


LCDR H. Browdy, MSC, CSS 
Technical Information Officer 
Bureau of Medicine imd Surgeiy 
Department of the Mavy 
Washington 25» D.C. 



DEPARTMENT OF THE NAVY 
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WASHINGTON 25, D. C. 
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IN REPLY REFER TO 


Rear Admiral C. F. Behrens, MC, USN 
Headquarters Eastern Sea Frontier 
90 Chui*ch Street 
New York, N. Y. 

Dear Admiral Behrens; 

I am returning herewith a cleared stanqped copy of your 
article entitled, ’’Recent Advances in Radioisotope Therapy”. 

Cf the two copies which you forwarded to me, one copy is being 
retained on file in Security Review Section, Office of Public 
Information, Department of Defense, and the other is the 
enclosure. 

I would greatly appreciate receiving a copy of this 
article, if available, to be placed in the files of our office. 

If we can be of any further assistance to you at any- 
time, please do not hesitate to call on us. 

Best wishes and kind regards. 


Sincerely yours. 



Lieutenant Commander, MSC, USN 
Technical Information Officer 
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Iv^MglBg Hfo oad iaoroMliMB ooofort. Th«ro Moold flrot of «H 
bo toUl tbjrrolMotoogr ndlool nook dlOMotloB «od mIom «xtir{Mti 0 B 
B]9PMn oortoiiif jwmy th«B«]9i]r* Ifcon ootMtooM *»• doiootoA ttwif 
■boiad bo bloboiod if poaiiiU** yoilXl««aJi** oad olfoolor ^poo 
yoopeiMl Mil, popillaf 7 typo* lo««f Miif foMiitiotod typM oro 
rooiftoat. 

io oliM<^ BO tod Him roopoMo io rd^tod to iodiao iqpt^o« 
thio Mf bo dotomlnod ia Mriou myot (1) aatotadiogropii of a 
HopOr ollOOf (2) MtOIMl OOBDtlngl (I) aaOMi of MOOMPOd 
fwa arlao (MoOld bo looo tboa 30ft ia tbo firot 40 to 96 booro)f 
(4) blood loMl of 

SatoiTMl ooootiae io oiaploot oad io fpoqwmtly oi^oyod* 
MoMotoooo BOAT tbo OMfooo ohewjJBg 08 optoko Moot in 100 oooMdo 
15 * that OMT a oiailap bot aaaffootod oaateiolool o3pm aaually 
voopoad. 

Tho ttHaory oat^ot oftoa fiTOO m aooarato iadoa oabjoot 
to mioortainty ao to tho aaoo of tho aotMtaooo* 


Xb ordl«r to iaoroooo ^ptoleo tgr aotaotiuHMi tho thjrroldooiiMqr 
is tho aoot i»port«iit faotor« IhlootMll for Mosrsl Meths aftor 
oporotistt Is Montloaod as haljpftil if stoppad two digrs bafwrs 
a<lRiBistr(stloB of tho mdiolodiM* Thjrrot rop io hovnsoo maj also 
profva hsipfid* Xodido or tlijm^i sadioatlctt iatoarforo and ognMoM 
is a sootraindloatlco* SattvaXly Iqrpoplastio anoaia oakos radiatioe 
daii 4 t<nPo«s, Ib suoh oasos Indtioo jp«iMiQrtop«»ia lAih daacor of 
infootioB and hoaoniiafo* 

OoHlBg BOO to anol^r faoiliar iaoiopo no haro P32f li*M) 

r 1 . 76 . 

Xb Is ns s ai as as alroadj notod m has ho«t fointd rory Bsofid. 
Vovortholoosy ia Boot oasos of ajrolofnaoas loasaoias and ohrcaio 
IjiqplMitio XoaeoBias it is ofton possihlo to aaintaia long poriods 
of palliation and ability to oarry on roatlM affairs of lifOf oasy 
and sinply by le-raj. X votfld noto too that roiy snail domw to tho 
splanis aroa will asaaUy saffioo ia thoso oasos and that with sash 
saall dosos tho inoidonoo of radiation iUaoss is soldon of sorioas 
ooBoom. Sons r oo on t stadiost h ow o r o f » sm^st that ooidxiBatiOB of 
iMPay and f%2 thorapy way offsr a langor lii^ prospaet. 

Anolhsr prospost is that A»I96 a B ^ saittor utf prows 
rosy holpfial in Isassoia. Fellowing intrarsBoas was it is pi^ad 
wp by tho rotiowlo ODdotholial sy*toa aad oo tho sploon roooiwos 
a disproportloitato OBOOBt of tho radiation. Xt io swsooptihlo of 
nahalatory adnlaistration and Inrolros ao rsdioBotiro onrota. 







BodgkliiU dlftMM prM«nt« « tiuritdi iriLtfiiim a» 

to vapidity of progro»s» dofroo 9i Xo«ali»ati9t} or* m 
%im h«»dt «oct«st of oproad^ prosotioo or sot of beno loaimo 

a^ rosponaivoMso to tbovapy* Thua m bavo horo o olaooio 
iBotanoo for oieo jvdffamt in mtit inAiridml omo. fty otm 
oi^porimco loan* to 3t>r«9r but thoro oro eortoisly eaaoa for 
OBd oonaldoraticoi of nitrofon murtardif partioularly ^oro ttio 
dlooooo is vidoopr^df rooistant and aoeonpasiad by eoBVbttuticffiAl 
sypptCBW. 

Pcdy^rthania vara la aaslBg to ba troatod aoro and aora 
\f P32, It is vary affaetiva in l^ia diaamaa and aora oo»vmi«Qt 
for tha patiant. Inray ia also vary affaativa aa aoat of as k»ov» 
bat it dooa Mil for an octonaiva and atvanaoaa ocarao* 

Traataant ia li^artant and dafinitaily proloncs lifa. 

It alao tails for jodpMit* Thtra art liadta to tha aaount of 
radiation aithar fro* anmy «r isotepaat ^t i»n ba glVM withoot 
gwat idak of panayt^pMia and its aaa«aiMU9ylBg haaavdo. Thoa it 
aa«aa wall to withhold radiation aa lone as ayaptosM ean ba 
aoBtrellad by vaBoatotlM* te tha othar hand waiting too le^ in 
tha fata of argant ay^ptona will antail rirtc «T thronboais, eardlaa 
failora atid laueamia. It aj^aara that on tha tdiola tha InoidMoa 
of lawaaala as a twrniiHd acssplieation ^ p.v* ia laaawnad by 
radiation thorapy* Tat ^wnra hava baan oeaaaional instanoaa ^ 
fuliEdnating laaoiRia in aoaraaa of P32 th««apy whiah sMy hava ba«a 
indwoad by tha traatsMot* 


10 


to tho portloidAto rodlatlcms of iootopoo vo hvto 
BOW poMlbilitioo from oppomtoo. It lo bow pooolblo to pidl 
tbo bloetren boaa fim a botatron or iQTB^otrw and wo will alfo be 
ablo to obtain boass of high energy froa protmia. Thu» wo bo 
ablo to do aemo offootiro thorapy with thoso rayo and sttady lo ia 
progrooo. With tho olootroo boaa» ponotratlen and dopth of dmoost 
loBiiatlon Inoroaaeo with ooltago and oaa thoroby bo n^{olatod. At 
floporflelal and iateriBodiato lovols it loado itoolf to groat ooneon- 
tratioB of offoot wi^ a rapid falliag**<^f boyond thoso doptha and 
eoBso(iaoBt oparli^ of tho daopor tiesnoo. Thie factor proedsos to 
bo of groat bonofit aM oarly trials with onorgios op to 20->25 bov 
hawo tUTBod eat wall* At high onorgy lovols of 50-70 aor sia^ as 
woold bo aoodod for loop lesions Hm rats of dooroaso boooBos gradual 
and this partieolar bonofit is lost. 

Lot*s tako a lode bow at sorm of tho loss faadliar and aoro 
ei^oriaental radloisotopos. 

One of thoso of oonsidorablo intarost is Qalliaa 72. 

(li.C^ h| B 0.6-5.2f ^ 0.6-2.5)* This Ammt has bom oxtmslroly 
stodiod by Brs. DoUoy and King at Bothosda and lator by Br. Brtieor 
his assoolatos at Oak Ridgo. It is aa enorgetie B if snittor 
with a half lifo ei 14.0B hoars. latarost 1 b it dovolopod when it 
wis found that it looalisod 1b aroaa of aetiro bona fonetien. This 
suggsstod at one# pesslbls usofulBosa both is dlagBOois aod therapy. 
It Is disappeintiBg to roeord that ths f^ow xcp of this preoislBg 
Isad iBdleatos that lioitiBg faotors ii^peae too groat a haodiwp at 
tho presoBt tlao at loaat for ado<|aato therapy. First of all Oa is 





toxle in ftDd of and OBfortnaMtoly ndiopdliiai as obt«in«d 

Is aesoo;>ajBlad bjr a larga waotmt of stabls Oa. Urns It is aot 
posslblo to attain an affsotlTO e<»oantrati<^ for tharapj. Tbo 
sootaid handicap is ths short half life iddeh obriously renders 
oUnloal V 0 A dth it difficult. 

HoireTer» if it erer beccHae possible to obtain Qe72 
suffieiMitlj free of its stable isotope we nay hear sore farwable 
nmtB* Further work is being considered limiwtHng ®f Qa67{ 

78 hri 0.18} 0*3, 0.09f ac-ray. 

Cobalt 60i i fnirly long half life of 5.36 years and the 
enisslm of 1,17 an! 1,33 aer rays hare nade this Isotope a 
ualuable tool. A soft B of 0.32 nor is also eaitted. Cobalt 60 
is produoed as most of you know by subjecting stable Cobalt to 
the neutron flux of a nuelear reaetor. 

The radiation is equivalent to U»at froo the so-called 
supervoltage generators and is surpassed in energy only by betatrms 
and synehrotrona. Thus it ims early realised tiiat Co60 eottld serve 
as a souroe of therapeutic radiation. 

Chits of 1000 eurle eapaelty ^ve been eonstrueted in 
Canada and produee 33 r/m at 80 ems. A report on the design and 
emis'^ruetlon of a Cobalt teletherapy unit has been auide by Qruanett 
et all in the July 1952 nunber of Radiology (51 Ro. 1| 19-29). 

A speelal type of Cobalt Y gwierator has been 
eceq»leted at the Raval Medieal Researeh Institute under super- 
Tisioe of Captain R. B. Draeger, This is designed to pemit of 







4iffus« total bodjr radiation (at about 33 r/a) 9f large oxporittflaital 
anlBalo and also eery Intiaiao radiation of mail oaoploa of bldlogieal 
■atorlal. By aoaaa of imotauitie tubot maar^w Mall "rabbito" 
ooBtaining the Cobalt can bo placed olthor about the large aaqwaure 
ohaid»er or withdrawn to a m» 11 hi|i^ Intonaity ehaaber. It nay 
alto be poeaible to utillto a bean of / rayt fr<n tito dieat. 

Tbit apparatut it» of oourte« prlaarlly a reaeareh tool and la not 
adapted to therapy* It lt» htwerer^ a eery intereatlng bit of 
ocaiatruotlon and it la worth aeelng If you riid^t Betheeda* 

Cobalt alao offera the poaaibllity et Internal uae and 
{nrellrdnary work baa already been reported <m inplantation needlea* 
Sineo Co la difficult to MOhiBOy an alloy of CobiJ.t 451^ and 
Blok^ 55^ haa been developed* It la called ^banie" and ean 
be readily naohined into needlea » wlrea and beada. Cobalt reaponda 
to aagnetlo fielda and thia prop«rty can bo need to faellltate 
handling* 

In addition Cobalt haa advantagea relating to mppljf 
ooat and poaaibility of reaetlvatlon aa eonpared to Badim* 

It haa virtually honoganoua rays and there are no gaaeoua deeay 
prodMts. A drawbaek la tha ahorter half life and the neeeealty 
of routino allowaneo for doeay and for repoated oalibrationa* 

How talatherapy with Co^ will eonpara with that from 
eoarreDtional x-ray g«3a»tora aa to ooat aM emnronianoe rawiina 




Mw ImtIrc tk« mtUr «f iM4«pM $l» 

fttr radlun^ ndoo «n4 x-tvjr th«r« mr* a f«w Mra 
i&i«rMtl»g thlniga to rooord* 

Coalm 137 is s high jliAil tmsto fiSilsNR prodtiet fvoM 
waeilmr rwkstors. 1% osits 0*66 »«o V' (doxiTod fr«n its 
dsi^tor isotopo Br^) nd has s half Ufo of 37 Toaro. ^ 

this y radlatioa Is abo«t of«lval«Bt to that trm a o»o wnr 
3b-r«^» tho disofopanejr rosoltiag from tho fast that tho 1 oov 
poak ooltago trm tho »>fap mttitm is hiiii^or than tho noon 
o^ootioo Toltaio* It is planaod to dowolop a tolothovopgr mdt 
o^logriag this iootopo* tp ooopoaratiTO offort tho Oak Ridfo 
lawtltvlo of 9osloar Ftgroios and Sonthore Madioal Sohools, 

Sr 90i Sigtorfisial radiatioa of opthalaio and sopor* 
fioial idcia looioRO h^ x-rap ofton inveloo mat* dopth dosafo 
tiaoi dooirablo aad tho awsh lost poootratisg offooto of 
B xodiatlor. pro mto soitahlo. Bartioularlp in tho oaoo of 
ogro ohoro thoro is a know siasopptibllitp to oataraot 
fmiatioRy is tlda of oonoom, Sr 30 loads itS4df roadilp to 
tM» typo of thfloaiqr* Xt has a half lifo of 13*9 yo«rs (odbd 
fiforos 29 yoars) and ia ^bo proeoss of a d<»dd.o B dooi^ to 
Ittadna 90 and Ziroonios 90 oaits B partiolos olth morfios 
of 0«94 and 2*24 mo* 

Plaqoos ooatod olth Sr 90 aro nsod in mouA tho oaoo way 
as XHidoii and raditai B or aatorial inpr^pBatod vlth 


fimetrXab perniim «tu& plaquM «»d a«t«s « dOMff* i«t« 

®f abovi 30 rap (baia aq«^aalant) at tha aarfaaa* 

Rothaniiai 106 la a dkwbla 1 daaajr to l&edlaa 106 aad 
FaXladloi 106 aalta B putlalaa vlth aaarfias af 0*059 fraa 
iHlOb and 3*5 and 5*$ froa !lbl06* Bathaalaa mm ba alaetraplatail 
ttm aelutlcii aad afipliad faraad naUa* ISiia baa obalaaa 
aliaiaal poaalbllltiaa and C«ra haa raportad aa tba aattar la 
tba *Taxaa Itaparia on Bleloi7 aad Kadlolaa*, Valwa loabar A$ 
VMatar 1990, pp 471-^79. 

Wa oaaa naw to aam raaant Intaraal apfdlaatloB af Aai^^* 

Thia laaiapa ahawa a 3*7 dajr half Ufa and radiatlan af 0.9 
aad 0*61 K* Aa lat«raatiBg appUaatiea la iMdaf aada la aaaaa 
af aaralBoaMitaaa laf<^vaB«at of tha abdoaiaal and jdanval eaaitlaa* 
King aad hie aeaaaiatae at tha ^thaeda laval Soapital haaa laat 
rap«rtad an 16 aaaaa. X eiaaiarlaa tha raablta tgr Indlaatlag 

that th^ tiara dlatlnatljr anaaorafliMl in tha tmy af palliatlaa. 

There wae aeaaUy a t#^ learkad daaraaaa la fluid foraatloa, 
aoaatlaMM dranatla allal»l legtraveataBt and la eoM aaaae prababla 
praLaafaUmt af life. O^igae tiara aeaally la Utm aaighbarbaed 
af 100 allllottrlaa. Aalda frm aaraful waaeapaMant of aotirlty 
and aetletdoae radlelogiaal aafatjr praeautioBe, tha praeadura le 
ali^at Kaeaae fltdd ie reoavad laaalng abaat 300 ea. Tha oOUaldal 
radlagald ie than lajaatad throtagh a epaalal arrlnfa and faUeaad 


Tagr rinsings of tho nsodlo vith •aline solution. The patient 

is then systenatieally turned fron one side to the other and t^e 
foot and head of the bod alternately el orated. Shifts are nade 
erery 15 a^nutes for 4 hours. 

The restdltant dosage is estiaatsd at 25 r of per 100 ae. 
and 3000 rep (Beta equiralwt). This produees alld radiation illnoss 
in aait eases on the second and third days and lasting for about 
1 day* A transitory leuMpenla is se«i 4^ we^s later. 

The 16 eases are being jreportod from Bethes<bi In the 
Aaeri<Min Journal of Roentgenology. They li^lude the foUouingt 

2 eases eystadanoearelncsM of the orary with aseites. 

One ease obtained transient relief of pain and died after 7 aon«Js. 

The other ease sftiur three treatments about 10*14 days (94>^ A 102 «e) 
has required no taps for the past few months and reports good 
appetite and gain in weight. 

Metaatatie earelnotta o f the breat with Blfaral. tffqgiM t 
6 ««ses. Most of these eases were hopeless «ad near the end. 

Sqb» palliation was noted but four died wl'^in a few months and 
another was dying at the time of the rep«^. One la liTing and 
idiows narked aubjeetire improrement. 

ftfonoheu^ c •areiiioiift .. vith plim l 4 eases. 

Tbeae eases had also been treated with x*ray (400 kr). Oa* ease 
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ttw BO tapo •• oaoo io ajnupton fVBO* Two eaaos dlod 

{tmt wo«le« tad 5 aonthi) • 


Troatod poatoparatlwoly aa a proplijlaeiie BoasBro* l)lod 5Ui a fow 
KQBtlia* Svaltt«tioo BBOortain* 


LI 1 


Z tBoatiMBta 72 aad 74 bo 4 Boaiha apart* tf««r ro^roa bo t«pa 
wharaaa bafora tapa w«ro noadod or a ry 6*10 daya. 


diod 1 b about 6 woakai 


1 oaaa{ 2 troataantaf 
tranalaBt iR|»rov«nant* 


AdoBOoaroiiMSBa of tba rootm with aMlioai 92 bo glrani 
diBBatio r^of of qroptonaf bewator dlod aeoa aftor (ooiith)* 


Uoilc witb eoUeidal Oeld ia alao WBdorway at St* Albaoat 
Obo oaa# of earvioal earolBOBa atafa 2 baa boon traatad bgr iBjaotlon 
Into oa^ paraaotrlo of 50 bo* Thraa vaaba Xator whan byatnraoteogr 
and lyBplMdoatonQr vara parforaad thora mu good pa r B aa tlew along 
tba lyBpbatlea* Tbo» atrooturaa wwo wall aattliBod bjr tba 
raddiidi oolloldal Cold and ohowod radiation affaot hiatidogioally* 


Ib ganaral Aa 192 baa injaetiaa poaalbdlitlaa and thaa 
p roead ura najr prora a Bi«fal adjo&et in aalaotad oaaaa. Oiffioultiaa 
ralata to affaetlwo dia^ribotien and laakago* 
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P* ?• Balm, Baahvill«» h&a iw#d kvl96 

«xt«BSiTal3r for iaflltpatloo of t«oro* Urf* B ooupoitont 
of tho ndiatioB permits ▼ory high dosage to ttawars withoot 
meMssiirs destruoticm of adiaesnt tlssas* 


Be has also «s«d it for Isoosaia i» dosages of 0,5-1.0 me. 
per kgs with good resoltsi he eonsidera it most satlsfaet<a?y 
se^iod. 

ih 

msB, Bonehrake a&d Sherman of St. Louis suggest use of 
Aul96 for (kkroinoHm of the (Utrrix, as part of a plan of treatiaent 
idtish ealls far 

1, iBjeotion of AuigS In parametrle tissue (about 50 mo) 
transragiiMlly • 

2, Badloal abdomlBal byttaraatoav with disaeetlon of 
lymph nodes (not less than three weeks latser roeonaended) • 


They pdLan to use g^d more wctensirely for reeurranees 
in h^ that it my prose better than radon infant or radium 
needles. 


They note the foUowing oharaeteristios of Aul96i 
Half life 2,69 4 


Bffeetise life 3.9 d 
949^ dose in 11 days 
B max 0.9S mes 





Bar 0,n 


r4 3s, ^ 
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Mudam nqp^ wiWr 9*0 «m 

10-4tD icn {Mtlrw/Wleron 

1 M ^ •qialY«l«Bt rowttfMn C®) »t *ttrfa«« 
pw wq m 

Yarloofl haa^tala ar* vorkiac with A0198 aad b«for« 
good of Ito pooolbilitiM will bo pooolblo. 

It Is opfwiwt frm tlio oatos roofinp<iw:l thH o oocsidoiwblo 
sMMLSoro of iMllistloa is poaalWlo tgr «so iol9f* It is also 
ai 9 f)aront that It is mt going to wortc airaolos la all easos* 

It doss app«ur that thoro is a doftaito plas# for It In oar 
aramsMBitarlaa* 

It shoald ho r s —mh or o d thst is dio oaso of doath shortly 
al^or adialnlstratiaB of this iootopo that soriena radlelcHSlsal 
safoty srohlosio aro posod for thooo perfondi^ aa autopoy sad 
for tho Bortloians. TlMir prohlons aro hoiag ooasldorod hjr a 
sposial eossiittoo «f tho Hatioaal Buroaa of ‘Standards (hoadod 
ty Dr. «;diiMhy). la this eoimootlon tho Atoade iaorfjr Comslssloa 
has approrod eortain prooaatioo»ry aoasaros aa aotod la ths 
Iteoy Madisal ®o«io Uttar Tolwo 20, IhagSbrnt 5, 19 Uptoahsr 19$2. 
«(1) An «fHte>^ts list all patiaata rassirlac 
radloisotopos dMrald hs aaiatainod ia tho rooord 
offioo of hos|dtals| 

(2) ftoMHi of all doooaood porsflOM idiould ho ohoOkod 
agalnoi thio list aad tho rsdioiootopoo laboratory 
proaptly aoiifiodi 
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(3) If tfe« i*e«ui«c! had rM*lv«d a tharapaatle laotapa 
daaa vltliia Z aentha tha fcaify rtiadld Iw Midiofad bafora 
aatapaf ar valaaaa %a a aartialMii 

(4) IHa pMthelo^at parfandag «b aaiapaj ahoald ba 
iaforaad that radlalaotapaa hara baaa fiaani 

(5) la aaaM in ahiah tha laaal r^dlaaatlvltr 
la laaa than 1/2 ar/lMr no apaalal praaantlana aaa 
naaaaaaiyi 

(6) la aasM la iddah tha laval la fraai 1/2 to 
6 mt/kr, mhhar glovaa ahool4 ha warn aad l^iaaa 
shottld ba aashad with aoap and watar prior to ra- 
Maal frm ^a haniai 

(7) lAiara tha laral la aaar 6 mr/tar a la«id apron 
aad daeiaator ahaaldl ha addad» tharwii^ alaanaltag 
Vito Map and vatar or datarc<ait of tohlaa and 
othar aarfaeas an whlali M.aad ar otoar hedtjr flalda 
hava aplllad ahahld ha anplatrad and aaiaklng ar 
anting aroidad Ohlla vaarlng tha raldbar glovMt 

(8) In all oaaaa toara toa l^nral of xadloaatiTitgr 
la oaar 1/Z w a aary affart aha^d ha oada ta 
eoaflM rasarad body flvida to apaai>il aaaaala# 
to poor than dlraatly Into a drain and flnahad 
eopiottaly with vatar* Khan ■atarlal la ratainad 
far forthar atady aaltahla Mmt^inara proparly 


lab«il«d ahoold ba «t«d* awartifliaa ahould 

VHMMiiaa Inatnietiana tSntllar to Idiioao for tho 

iwtiioloclot'’* 

In tho iMttor or roooatM^ thors art al^nmit i mwora blo 
m»ojoeta aad on# ooaid opand 'amh tlM ataq^^r oataloging thin* 

A great doal of thia raaaaroh la hainf oondueted or 
ai^^portad Iqt tha A*l»3« aid thara art raalflaatlona into all 
l^aoa of phjraioloir^ pathologjr and bi^4^ in gonoral Inoludiiig 
that of plaata* 

Ob thla oooaaloB^ 1 b rloir of tha Mopo of tho i^a«Btation« 
I aill B'^-ralj nontim a«na of tho aadl«nl flnaoa m aro voiM»f 
with iB Kami aotirltiaa* Thia I hope will ftro a fair thou^ 

T»ry far frern eooiar^Mmaira aaxpla of aiait gooa on. 

At proaoBt thoro aro flro aaral hoapltala anidoriBg 
mdlolaotopoa ani in i^itioB tho laral Molioal Rosoareh 
Inatituto^and tha laval Hadlologloal i«f«ttao Laboratory at 
Bantora Pointy Son Ihmsolaoo* Tho hoapitala aro Bothaada* 

St, Albana» San OaUaad and FblladaL^la, Laba aro 

tB^or gonaral mgMrrlaloB of tho Badldogloal Dapartnant of 
tla» boopital* 

Tho asooBt af worlr that aooe piloa tap la otmaidontblo 
aa IndlMtod %gr a tate£Ution fron Bathwida for tho flrat foor 
nontha af 1951* 
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Xodlm m U3 

Ir»diR« TtMimpmtie 14 

Ottllinn 72 tr»e«r StadiM 26 

Dliod[ollttnHNiol«i! IpoftliMilaB StidiM 19 

PlaMM ValvM 9i«diM with 46 

Sr 90 tf a]E}j»llMtlcn 70 

Oold 190 f^wnip«vti« aJalBirtrfttioe S 

P32 7h«tmpgr ft^nlatTRiiiia 2 

323 


8%, AllMauiy tlae* th« its s«v laotop« lAborfttory 

(of Mhiob m are rorr fread) roporto ab^ 140 ottnilioo «»d iawoit* 
»ent« vtp to SopioniMnr* 

It la Botaldo froa theoe tabloa hew auA tho dlagiu»«ti# 
ooo oaooodt tbo ^Mrapoatie aoo for oasMr* 

Om Intorootiag probloa being levootisatod at Bothooda 
la the ataraltaBeeaa «ae of btaiaa aoriBB albuHlB tagged with I ^ 

BBC tag^ wi'tef^2 alei^ with Sodloa 24» to atwdjr idwle blood 
woloiaoa and aodiwa apaoo la idioolt and born oaaoa* If tba 
toohniiiao la perfooted appUoatlon will be aade to atudjr 
plaaHa opaoo expaadma* 

At the Oakland Roopital and Raral Radiologioal Oefenae 
taberaterTi 7o94 la being weed to atudjr d opr oa a loe arjthropo«Mda 
bgr radlatk>n. The diatribatlon of oaorpedygelatin la being atndioi 
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Mut «f 0^» vaA f»41««*»41egfapl^ wilng 

Mdita 34 «» iMiiig 

Twer lemlisatieii Igr f32 !• bH»g atediedt at Sars Dii^« 

4t the Maaid Nadiaal Hmnunk laatiiuta teaoara are l^ing 
oaad to atady lAeod w«tabelia»» otilphydjyl »at«bolia«, Imotarlal 
wtifanaf bodma» aiNl haaling ef tMwa fraetaraa* 

At tha Waral ltadial<^^aal Dafwaa Laboratory a naa^sar of 
atadlaa af Urar mtabellan aa related te radiale«iaal dmaffa 
are baiaf eendaatad. Iiibladad ia the eaa labalad 

Brcaumlfbalaln. Tba t»%9 af thyraadtia ia tba Urar la alaa 
balftg atadiad ia aeUabcnraticia with the ^rarai^ af Califamda. 
Matabollaa ia boread tiaaaaa ia baiag atMiad bf aaa ^ F92 
far i^eaidiolipdd atadiaa and labalad aaOBO aeida afll^ 
aartai(Aa for aitragaa aatabaliaa, 

AO A M 

Ralatad to fadiaaatlra bacM aaiAtara ataeh aa Sfir * 

IttriWf OariWt tlrp fa» fta aad fa 'ti^aa*# baa alwagra baaa tiui 
poorly acdrad prahdaa «f hew to r a aer a ^«oi frm boaa. Tha 
widaapraad aaa af thaaa aatariala aa wall aa aoaaidaratiaa af 
paaaibla aapaawa te radieaatira ^>odaeta ia warfare* la^a aera 
i^m aaadaoda iataraat to tha aattar* A report on a ahalatiag 
a«aat fran KKM. ahewa bapafbl raaolta* Taraanaa or <dialatls« 
afaeta hare tha awry daalrabla properbf af ooebiBlaA with 
alkalisa aarth aatala and ether aetala to fom aolel)la iieooianlaad 

- at - 


«o»plexm whl<rti ar« largalj la ihm aria*. Th« ag«nt 

a 0 «d was IOTA (athjlms dl«Biia« tstrasosUs aeld) in th« fora 
of iodlraiB aad oalolaa salts* % sodlm IOTA fcdlwsd 

^ Ca tntk sabstaatUl asKwats of wars oaasad to bo oxcratad, 

Tha Ha salt lowars tha blood Ca ion laaal oaaalng a shift of Oa 
fro* tha bona. Both tha Ha and Ca aalt ax^aga Ca for X. Tba 
Ca acts as a adjwraat aad also mkaa It poaslWLa to aiaiaistar 
aora of tha ahalatlag agant. la largo aaoants tha Ha salt Is 
toxle wharaas ^ Oa salt is inaoeocms. 

Oar aoofraros ara Tory aativa la tha fiald ai^ it 

is worth whila to aactioa a faw lt«s fraa tba laetoita H«bar 
tha ^tish Madlaal Ballatln (Vol. 8, Har^r 3-3, 1952). Thay 
eorar a wida fiald and wa find ao»sidai»ti®s of assays dataotion 
and maasaraasRtf apf^iaatien of awtoradiograidijr and stripping filtt» 
tha rarious ttsas of radloiodina inolnding labalad diiodoflnorasaaln» 
iatraoarltory nsa of Ava96, a nmbar of aataboUc and othar rasaarah 
probla^s| also tba nsa of balloons aontaining Ha24 and BrC2 in tha 
bladdar. Thalr raanlts in ganaral parallal our own and thara is 
BO tlna to raport in datall. Sxifflea it to nata a faw points of 
spaaial Intarastt Tha usa of Aul9e to consol plaural and aselting 
of snlignant origin has glran than 21 a«MS of fair or good 
fjalllatloo out of 34 oasasf 1^3^ labalad dilodofliwrosaaln has 
fallad to giro dafinita InforsMitioo as to slsa and location ei 
brain toaorsi Ha24 l»s baan found nsefol in idastie snrgaty 
for araluatlng eiraulatlcm in padiela flaps | Ha24 and Br62 tdiioh 
ara B snlttars of s*ort half Ufa bars baan usad in ballocns 
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to imdlato tho bladdor wsploylng about 15C oo. of radloaetl^a 
aolation atwl about tOO »c (»re2) - roatdta «uso«ra*ing - 
urotlnroato^ Involwd 1 b tho aaXo* I» additloB to tho abofo 
CAIT J. Bay a (!C)» in porsonal aansimloatlons Kcnticma 
tuo of Aul96 aooda for inplantaticm by botoI aethod of abootiBC 
than from a pistol llko ooDtraraneo. Soott la tho 1951 loar Bobk 
of Radlolocf roporta tho wo of Tal82 at tho Royal Caneor Hospital 
for bladdor tisnora* Qiaraotorlatlooi 115 dj B 0.5» 1*1> l»3rgo 
CMiawdo 0.05-4*2* It la onplc^od as Hatlnaa eororod wlro loops 
of apoolal dosign which oan be laplaBtod boaoath tho t«or asd 
soetirod to tho oyo of tho oathotor by ligatoro. Upon roROoal of 
tho oathotor ligatures and wires follow through tho urethra. 

This method obriates reopening of bladdor as la noooasary with 
»idlum noodle Isti4ant8f also any foroiffa body raaetions auc^ as 
may oeour with radon seed Isplaats* 

At this iM»liit it is high time to desist and In eloalag 
1 would like to remind all of us in radiology, Inoludlng ayaelf, 
to take time to keep abreast of oar responslbllltlea 1b the 
matter of laotopoa* They are rery aumh hero to stay and O’nr 
hslp Is needed <m behalf of ear patlente and eoUeagaoa. Uo 
need alae to render that h^p ae a nattor of enllghtoned aelf 
interest as prasoting more Intimate ellBioal eontaets with 
patients and staff (things which wo readily tend to lose in oar 
speolalty) and Inerwalng our profeaalowl ao^>e, ability, aaefulnesa 
and prestige* If we ahoold neglect ^la field ereryone will be the 
poorer thereby* 
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In oXoning It !• wry inprnialT* to noto that in tho 
aMdioal applioatioa of ionliing ndiati<» vo nov hava andb a 
rtmthahlo voalth of sodalltloa In tho fara of radlolootopoo 
and also appavatna. Tho fonwr «• haoo Jnat diaenaaod. Tho 
lattor now Tongoa froa "Qrons” ray gagooraton of about 10 KT 
to asiltiHKlIlio rolt partlolo aoooloratora* C«rtaialy it la 
all Tory vondorful but lot vm raawnbor tdwt it lo all about 
baoieally* Tho offoota oi ienislBg radiatiooc uhatoror tho 
worgy OF naan of appllMtlon, rooalna fnndaoontally tho aa»o. 
Wiat «o mat think about^ j^Lan for and nao all tho Torloua aoana 
ti»f ia to put offootiyo doaago in tho ImIorb md aparo nofwil 
tioaiao* Ha aro aee<^liiMng a groat doal along aueh linoa and 
radiation thorapy la rapidly boecning mro offeotiro and proaiao 
in our mdieal eontora. It ranaina to earry ininrored nothodology 
boy<»d thoao oontora to aooonpllah bottor uosdc and aaro noro 
lima throughout tho idiolo country* It aim ranaina to do 
inmo baoio roaoareh. In apito of our inprop^ nothoda, draago 
to nomal tlaauo aorioualy oripplaa our afforta. M naad to 
find wgra of nakiBg tumr oalla nort mlnorablay to inoraaao 
tho difforontlal. Soow proadoing looda oro doroloping and it 
it hopod that thoro will bo mro work aloag thooo linoo and 
ov^stantial progroas in tha futura* 
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Perlodle r«api»ai»al8 are alwayi in ^ar i» «adical affairs 
to araluata the new and to arold dlseardii^ older methods premattirely. 
Startllni; derslopments hask in the limelii^t and mueh that is good 
may he left in the daxk, forgotten and “gpins aus der mode" as 
esrpressed by Gksethe. There are fascinating innovatiois in radiation 
theraRT as well as in other fields and our interest nattarally turns 
to radioactiTo isot^es and aulti-mllllwj Tolt maehines. Howerer, 
on this occasion I would like to hark haek to mwe proaaie thii^g* 
and leave detailed oonsideration of wonder isotopes and super- 
terrific apparatus to other occasions. However, in passing I 
might r«s»rk that these newer modalities in competent hands and used 
with preslsion have much to offer and we should bs alert to use them 
where appropriate. It is not likely that miracle cures are just 
around the corner but there are very definite benefits or possibilities. 
High <wiergy apparatus puts the maxljinai radiaticm dosage where you 
want it in deep therapy with less skin damage, less total d<»age 
absorbed and lessened general effects. Particulate rays both from 
machines and such implements as Sr^ applicators bring possibility 
of better superficial effeeta with lessened deep dosage. The 
therapeutic use of isotopes is progressing and aside from this, 
research hy tracer methods is bringing increasing knowledge of 

^ Prepared for the Halation Therapy HiBBber of the Mississippi 
Valley Medical Joimial. 
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metabtOLlsn Inoluding of tunors. ffaorobgr we will geia insist 
iato etiology and pathology that shonld prove of great profit* 

Cooing to the oais topic it is well to reeall ttot early in 

e 

the eenttiry radiation was thought of aa a great cure-all and waa 
tried without muoh diaeriainatioa on vlrtimlly everything. Thia 
ineluded the all too free uae of radim aalta internally. Out of 
thia ezuberanee of effort there gradually «aerged rational uaea* 
Malignant tumora^ of eonrae, were preoptly appropriated and have 
oeoupied the center the radio-therapetztlo atage ever alnee. 

Then too inflasooition, infeetlena, arthritidea, dexwatoaea, keloida, 
leucffiBlaa, neuralgia, herpea, anglonaa, tubereulor glanda often 
reaponded wall and it la of aome of theae that I would apaak 
particularly, 

Infeotiona * The advent of aulfonanidea and antibiotloa haa 
relegated x-^y therapy to a' ninor role here. Thia ia probably 
aa it ahould be but thore should not be ecoplete neglect. Ccnaplete 
forgetfulness will entail perhaps not unneoeaaary deaths but 
eertainly instanoes of delays, eoaplioatloas and needlass suffering. 
In savere infeeticms despita antibiotloa and all else, things 
oeoaslonally ecne to a atandatlll. I have seen this aevaral times 
ia Ludwig's angina, deep eelluLitis and again in middle ear infeoti<m 
and mastoid involvaraent. It appears that there is looaliaed bloekage 
whieh prevMfits aeeess of antibodies and anti biotie agents. In auoh 
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ea«<Mi TOdiftticm therai^ piytleiilarly if a©t 4«layad anduly my al4 
trflBuaadoaily. I^aoveawt ia profeaMy Am to of eoai^ftioo, 

bottor - eiretLiatiem posaitly liboratlon of antibodioa* In 
gonoral it will be well to ocmeiaer 3E-»y ia wmy iaat&neea ©f 
fiMraaelee^ ©arbuneles aa4 ’Varloaii iafeefeiona espeeielly about ^e 
faee. 

l^qaiaite dooages awe aemlly 50* to lOG aadi tteire need be 
no fmr of «*®itlnf a akin raaetion in easoa weeet-finf atilf<»iirajidee4. 
We Imwe tweated may eaees of ear infeetlcBJ reeeiwing snlfoosnides 
without any mneAi diffietilty i^tevor* 

lafardlng alddle ear dleaaa®, It is wen to aentifi® that 
reoarroBt oases &t otitis ®edia are often predisposed to by adenoid 
tissue sme ef‘ Whloh tmj exteod Into the eustaohion <^flees 
eaffieiaatly to ^use poor drainage. Ad^old tissne so looatel is 
apt to esoape snrgieal reaioral, Elation therapy teeoftes truly a 
G(^*send in snoh eases and should never be ni^leetM. X«-*e.y is 

dosage is so j»d®«t@ and the areas so elrei 3 »ieribed that nntoimrd 
after-sffeets should not be encountered with proper teohniques. 

Helatod to the middle ear diffieulties just mentioned is the 
so-ealled aero-otitis whleh results fr<sa inadequate or slow 
equalisatitm in presirare within and without the ear during ehaj^s 
in altitude. Radium and perhaps to a lesser extent, x-rays, have 
been used for this eondition with eonaiderabl# success. X-rayt 



in ocs^stsnt haisds, I would pref«r» by reason of ease, aafety sM 
wider area treated* fhe o<mdition probably relates to exeesa 
ly^fdiold tissue produoing more or less blockage of the eustaehian 
tube. Moderate dosage suffiees and vi'tii either method it is 
possible to aehiere g<w>d results without danagei there should be 
groat ears and ooe^etent radiologieal siqjernslon in any eemat* 

Arthritis and Sblated Condi tiens . (hiee more we hare a 

virtually tmirersal group of allm«its for idtieh new nlraele drugs 
in the eortisone family have beeome available. It is, however, 
f«:*tu3Qately recognised that these remedies must not be used with 
the abandon that antlbiotios have been po\ired into people* Kadiation 
•till Ins a pises in the arthritis armamentarium and in partieular 
many eases of painful ^ovOLder. This axtrmsly frequent ailment is 
m<nrs &ttm das to pathology about the Joint than in it* So we hear 
of para<-arthrltis, peri-tendinitis, bursitis and still o^sr terms; 
aoeounts are to be readily found in ourrent Jotxrnals and I would 
^aly note that most severe aoute eases (and some are agonisingly 
severe), will respond dramatlMdly to moderate dosage with x-my* 

It is also true that many eases will subside with use of ecmventioml 
SMthods and that eu^ methods, of eourse, should ordinarily eons 
first; nevertheless quite a few eases are exeessively painful and 
refnetory. It then beeomies sensible to refer them for radiation 
therapy without much delay. 




Chronic «&s«c respond sluggishly and not so well. Cases t^ere 
there Is pain trtm nerve root Irritatlwi (eervieal arthritis and 
its soraplleatlons) sure also resistant hnt vill also often respond 
to rather protracted treatamt. 

Acute exacerbations in the course of )s^^9rtroj>hi.e or 
degenerative arthritis often respond well* 

lUiexiaatoid arthritis presents speeial proKLesis on the score 
of chrcmiclty, rectxrrenees and more irr^i^ular response. Henrever^ 
the Marie-^truB^ell type of spinal involvsraent responds rmrsr veU 
and such eases are best referred early* 

Chronic leueemias respond well to x-ray «id also to P32 and 
nitrogen mustard. The dsnision ^ioh to use involves judgment of 
the individual case but 1 think it is safe to eay that most can be 
treated readily and ecmveniently with x-ray. The same applies to 
Hodgkin's Dissase. Combined therapy may be the best in some cases 
and there may be possibilities in radioaetive edlloidal gold* 

In Polvevtheaia vera the preference now runs to P32 but it 
seems that the gmieral practitioner has a particular role to plagr 
here in Whieh good dinieal judgment is needed* There is a limit 
to the nmber of times radiation may be used wiib relative safety 
to produce remisaion. Thus it is well to control the disease ^ 
eonventional methods} particularly venesection as long as safe. 

On the other hand too long a wait will en^dl the dangers of 
cerebral accident e and other conpllMtione* 
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Radlolodlpo for ’Uiermpy and diagnosis alao inrolras oar^nl 
jndgnont by tha ellnleion. This has beNfMQ so wall and froqnontXj 
puKLieisod that ve will pass on with the i&ere mention. This agent 
has nov bee<Rne the remedT' of ohoiee in seleeted oases of hyperthjr- 
roldism and on lT^>ortant adjunct in eertain oases of thyroid mroinona, 

^ Herpes soster ve find a eonditlon in which radiation therapy 
is very conmonly forgotten or negleeted* Some oases are sdld and 
need nothing hut loeal treatment and mild anolgesies. Hoverery 
sme <nt the eases develop esrarueiating pain and it has been ay lot * 
to OTCOunter some of them a»ro or less aoeidMotolly on duty rounds 
and find that no one had even thought of radiation thenpy, 

SB^loying XHray ‘yierapy early jm eon prevant nueh suffering and 
fii^ yourself vi'te an eaeeeedingly grateful patient. It is only 
fair to note, however, ^at some eases piu>tieularly in elderly 
pe^le tend to drift into diuronie neuralgle pain and nay prove 
resistant. Benefit is usually derived but not in the drenatie 
imnner that we like to eee and often do. ^ ^ 

Trigeminal neuralgia eceraonly calls tor various Inject ions 
and eventual suargery. It ehould not be forgotten, however, that 
radiation therapy ean radinarlly be relied on to prodtiee remission. 

It cannot, of eotirss, be used with unlimited repetition thros^out 
many years, but it nay well prove safe and convenient as on int^dm 
or exi^oratory neasure. 
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Birth aarka due to hemA&goimatB should not long be neglected 
particularly if someiAuat proBdnenti they my grow larger and a<a?e 
disfiguring. Kadlation either fTon Radium or x-ray is very effeetire. 
k serious problsn arises, howerer, whore epiphyses are in the field. 
The future ansmr my veil be the electro bmm since there is rery 
sharp falling off in depth dosage when eneirgies appropriate to 
si^rfleial lesions are used. 

toong s kin diseases occasional oases of acne should recelTe 
treatment to arold extensire scarring. Tinea capitis my call for 
epilation by x-ray. Other stubborn ftingas infectious are often 
benefitted but there needs to be considerable prudence in the way 
of reserrlng radiation for difficult eases and aroidlng too mi3y 
repetitions. Radiation Iwis otnulatlre effects idiieh can prove 
disastrotis. The same mution applies to psoriasis and ether daronie 
or recurrent eondltims. 

Tuberculoxai jd.anda are relatively infrequent theee daya. 

If they are moountered it is well to reoaember that radiation 
therapy has proven very helpful in this oonditim. 

Sterility . For a ntniber of years radiation has bem advoeated 
as a means of euring stwilllgr in women. The procedure has been to 
give smll so-called '^stimulating'' doses the pltul'tery erxi ovarian 
regions. It appears tlmit a oonsiderabls measure of success has 
attendsd sueh efforts but lately the questiOT has been raised as 
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to g«B«tie offoeta. Th« iasxie has boon not a Uttla eonfuaed bgr 
3nok of imdaratanding aa to hov ganatie effaeta ara likaly to 
sanlfaat thanaalrea and it aaama propar to raviav Idiia nattar 
bpiafly. 

nia doaagaa aaployad ara likaly to approa±Bata 50-75 r to 
■ttia palala glran throe or fcvar tlmas and raanltlng in roughly 50 r 
to tha ovarlaa. How aarioua ia thla? A meaber of aub8oq^iaIIt norml 
birtoa attaat Wxo fact that Innadlata affoota ara nagllgibla and that 
poaalbla ham ralataa to ganotle mutatlma. 

Ragardlng thaaa tha following point a oan ba madat 

Mtttationa ara noatly raeaaalTa and ao may not idiov for a 
number of ganarationa. 

Thoy am inoraaaad by radiation and am haxvful to a aaatly 
prapondmrant extmt. Tha Inoreaae la eumulatlTa. 

QaantitatlTOly it appaara probable that aoBMthlng laaa than 
100 r will double tha nomal rata. It la alao atatad that a 25$ 
general Inoraaaa in tha htaan raea would be dlaaatroua. Hoverer, 
au^ a general inoraaaa would d^pai»l on vidaapraad axpoaure and 
net the oeeaaional oaaea InaolTad in therapy auoh aa wa am 
OMiaidaring, Ihnetiaally it anounta to adding a few more "time 
bognba* aa tha gonatieist Dr. )^lar onea teraad raaaasira nutatiena, 
to the atoek %ra already ham. It aaoma that if the affootod 
indirlduala produeo aooa generation of daaaandanta than them la . 
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as ineraaaad ohanca that aomewhare altmg tha llna a gmatle 
abarratioB will appaar. 

Cllnioiana tand t© wlaw tha aattar lightly wharaaa ganaticiata 
aw not a little ewaeamad. Qoantltatlva data for htaaana la far 
Sroa praalaa and raaaaroh atiU haa a long way to go but tha 
praaant trand appears to favor the aarioua view. Cartainly thia 
applieatlon of tharai^ ^ould be a laat raaort and with nininal 
doaaga. 

Thia brings our littla sumnary about to tha end and in 
aenalusion I wotCLd sidy onoa oora surest ti»t in our vary 
luatif labia mithuaiaam for our naw tharapeutie aganta, let ua 
sot forget the i^oa of mdlation therapy In aai^ ocobcs} ecmditiona. 
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NEW I/X>K AT RADIATION THERAPT 
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Hear Admiral C. F. Behrens, MS, DSN 


Periodic reappraisals are always in order in medical affairs 




to evaluate the new and to avoid discarding older methods prematurely » 
Startling developnents bask in the limeli^^and much that is good 
may be left in the dark, forgotten Mt ”ganz aus der mode” as 


expressed by Goethe. • • 

Ea^ly in thT^iiTEury, radiation was thought of as the, great 
cure-all and was tried without much discrimination on virtually every- 
thing. There was even all too free use of radium salts internally. 

Out of this exuberance of effort gradually emerged rational uses. 
Malignant tumors, of course, promptly came in for treatnient by radia- 
tion and have occupied the center of the radio-therapeutic stage 


ever since . 






I unf^ bo inflammation, infections, arthritides, dermatoses, keloids, 

leucemias, neuralgia, herpes, angiomas, tubercular glands often 
responded wel^nd Tt is of some of these that I would speak 
particularly. 


The advent of sulfonamides and antibiotics has 
relegated x-ray therapy to a minor role'^»e, Thi| 


as it should be,but there should not be complete neglect. Complete 
forgetfulness will entail perhaps not unnecessary deaths but 
certainly instances of delays, complications and needless suffering. 

In severe infections^ despite antibiotics and all else, things 
occasionally come to a standstill. I have seen this^several times U __ 

in Ludwig’s angina, deep cellulitis and a^in in d (tli. •r~ inf ect Q ^ 

and mast^rd involvementf^ tt ^e^paar»--thnt them. ioT.ocalized blockage 






s access of antibodies and antibiotic agents. In such 








A" A. 

( \ 

V " 2 / 

/ 




i 








cases radiation therapj^particularly if not delved undulj^may aid 
tremendously. Improvement i#=^robably dtte- 4»®rSSef of congestion, 





circulation and possibly liberation of antibodies. In 
general ^ it-4 f ill --y veil ^ consider x-ray in many instances of 
fximucles, carbuncles and various infections^especially about the 
face. 


/ Re quisite dosages are small, 50 to 100 r, and there need be 

no fear of exciting a skin j;eaction in sw e eO ' receiving sulfonamides. 

’ yuMc Aa-// OA*^ 



ear infection^receiving sulfonamides { / “y J) 
.thout any such difficulty whatever# 



/ ear disea«e^ that 

, cases of otitis media are often predisposed to by adenoid 

tissue^some of which may extend into the eustachiiin orifices 
sufficiently to cause poor drainage* Adenoid tissue so located is 
apt to escape surgical removal. Radiation therapy becomes truly a 
Godfisend in such cases and should never be neglected. X-ray is 
more appropriate here than radium^in my opinionj and the requisite 

dosage is so moderate and the areas so circumscribed that untoward 

^ I i-f 3 

after-effects should not be enoovinteved^wLb^ 


^Related to the middle ear difficulties just mentioned is the 
so-called aero-otitis which results frcxn inadequate or slow 
equalization in pressure within and without the ear during changes 
in altitude. Radium and perhaps to a lesser extentp x-rays7^ve 
been used for this condition with considerable success. X-ray, 



in competent hands, I would prefer, ease, safety and ■ 

wider area treated. Tly oondi i tjxu a probably relates to excess 


lyn5>hoid tissue 


more or less blocka#* Q# the eustachian ( Z 


tube. Moderate dosage suffices^and with either method it is 

possible to achieve good results without damage j there should be 

great care and competent radiological svipervision in any event. 



Arthritis and Related Conditions Once more we have a 


ri.F. 

uc. 


/ M 


virtually universal group of ailments for which new miracle drugs 
in the cortisone family have become available. It is, however, 
fortunately recognized that these remedies must not be used with 
the abandon that antibiotics have been poured into people. Radiation 
still has a place in the arthritis armamentarium and in particular 
many cases of painful shoulder. This extremely frequent ailment is 
more often due to pathology about the joint than in it. So we hearS ' 
of para -arthritis, peri^tendinitis, bursitis and still other terms; 
accounts are |to beT r^dilyl found in current jotirnsQ-Sjand I would 
only note that most severe acute cases (and some are agonizingly 
severe) I will respond dramatically to moderate dosage with x-ray. 

It is also true that many cases will subside with use of conventional 
methods and that such methods, of course, should ordinarily come 
first; nevertheless ^quite a few cases are excessively painful and 
refractory. It then becomes sensible to refer them for radiation 


therapy \ri.thout much delay. 





there 

its complications) are also resistant but will also often respond 
to rather protracted treatment. 

I Acu te exacerbations in the course of hypertrophic or 
degenerative arthritis often respond well. 

I^R^umatoid arthritis presents special problems on the score 
of chronicity, recurrences and. irregular response. However, 
the Iferie-Strtraqjell type of spinal involvement responds very well^ 
and such cases are best referred early. 


^ff p OTid well to x-ray and also to P32 and 





nitrogen mustard. The decision which to use involves judgment of 

A 

the individual case^but I think It im.. aafw+in imry that most can be 
treated readily and conveniently with x-ray. The same applies to 
Hodgkin' SyJj^sease, Combined therapy may be the best in some cases^ 
therf may be possibilities in radioactive colloidal gold. 

I In Polycythemia vera the preference no w runs to P32 ^but 

I— .. . ’ .... 


aeasff^M the ger^^ practitioner^ has ^prlJaruxciuar rox« ^ 

here* in whicl^ood clinical judgment There is a limit 

to the number of times radiation may be used with relative safety 

to produce remission. Thus it is well to control the disease hy 

conventional methods, particularly venesection as long as safe. 

On the other hand.too long a wait will entail the dangers of 
J 

cerebral accidents and other complications. 



I j^dioiodine for therapy and diagnosis also iww^vfes^^ca^fvil (.AL 
judgment by the clinician. This^^fes**^^ s^^w^Tand frequently CSi^ 
publicized that we will pass on with the mere mention. This agent 
has now become the remedy of choice in selected cases of hyperthy- 


roidism and an important adjunct in certain cases of thyroid carcincma. 








..A 


Herpes Zoster is a condition in which radiation therapy is very 
commonly forgotten or neglected, ^ome cases are mild and need nothing 
"but local treatment and mild analgesics. However, some patients de- 
develop excruciating pain; and encountering some of them more or leas 
accidentally on my rounds of duty, I have found that no one had even 
thought of radiaW^ ^t^erapy. By employing x-ray therapy: one 

can prevent much suffering and find himself with an exceedingly grate- ^ 
ful patient. However some cases, particularly in elderly people, tend i 
to drift into ciironic neuralgic pain and may prove resistant* Benefit^ 
is usually derived but not in the dramatic manner that one likes to 
see and often does. 


li 


Trigeminal neuralgia commonly calls for various injections ^ 


4 
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and eventual s\urgery. T t i '7hgTn' ‘ t"nrt hi f C,SS 
radiation therapy can ordinarily be relied on to produce remission. 

It cannot, of course, be used with unlimited repetition throughout 
many years, but it may well prove safe and convenient as an interim 
or exploratory measure. 



r 
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I Birth marks itt^be^^mangoimate^shoiild not long be neglected^ 
partictilarly if somewhat prcaninentj they may grow larger and more 
disfiguring. Radiation either from^Jladium or x-ray is very effective. 
A serious problem arises, however, w^^S ^^iphy se s are in the field. 
The future answer may well be the electron beam^ince there is^ery 
sharp falling off in depth dosage when energies appropriate to 
si:5)erficial lesions are used. 


Among skin diseases occasional cases of acne should receive 
treatment to avoid extensive scarring. Tinea capitis may call for 
epilation by x-ray. Other stubborn fxangus infections are often 
benefitted^but u i iujMgiafeL ' e prode Be ^a-H the wy 

-e#* reserviU^ radiation for difficult cases and avoidjfif too many 
repetitions. Radiation has cumulative effects which can prove 
disastrous. The same caution applies to psoriasis and other chronic 
or recurrent conditions. 

Tuberculous glands are relatively infrequent these days^ 


encountere d It Is -n a il tn r e a emhwg^faat radiation 




therapy has provejl very helpful in this condition. 

^ Sterility . For a ntmber of years radiation has been advocated 
as a means of curing sterility in wcmien. The procedure has been to 
give enwll so-called "stimulating” doses to the pituitary and ovarian 

regions. Tt nppatfTl ti]ntl^rrimi1ri-inr measure of success has 

attended such efforts ^but lately the question has been raised as 

A 




to genetic effects. The issue has been not a little confused by 
lack of understanding as to how genetic effects are likely to 
manifest .p<r Bpar-tQ rev iew jf te is-jnatter 

1^ T he dosages employed are likely to approximate 50-75 r to 
the pelvis given three or four times and res^ting in roughly 50 r 
to the ovaries. How serious is thisi^^^AM^mber of subsequent normal 
births attest »^e fact that immediate effects are negligible and that ( 
possible harm relates to genetic mutations. 




^^egarding these the following points can be made: 
j Mutations are mostly recessive and so may not show for a 
nttmber of generations. 

(jChey are increased by radiation and are harmfxiL to a vastly 
preponderant extent. The increase is cumulative. 


^met^ng less than (n 


/ Quantitatively. 

100 r willjMouble th4 normal rate, 

general increase in the human race would be disastrous. However, 
such a general increase would depend on widespread exposure and 
not the occasional cases involved in therapy such as we are 
considering. Practically^it amounts to adding a few more "time 

bombsl? as the geneticist Dr. Muller once termed recessive mutations, 

^ q 

to the stock we already have. ±hwt^j|(f the affected 

individiials produce seme generation of descendants pthen there is 

fyy% 




an increased chance "bhat; somewhere along the line a genetic 
aberration will appear. 

/ Clinicians tend to view the matter lightly*whereas geneticists 



are not a little concerned. Quantitative data for hTimawlir ^ 
from precise^and research still has a long way to go^bnt the 
present trend appears to favor the serious view. Certainly this 
application of therapy should be a last resort and with minimal 
dosage. 


This brihgs jsar litPeerTsuii^Bi^^ about to th^ end an^xin 
concJO*§ion I woiU.d^>HCLy oflce more suggest that in ^aur very 

lusiasm fdi*'spT^ new therap^sptic agents ,\^^et us 
n<yt forget the^^^ce of radiati^iKtherapy in maa^^^ommon conditions 






A FEW HOTES ON ATOMIC MEDICIHE 






It is indeed an honor to be invited to speak to this important civic 
organization. I can only hope that in return I may be able to shed a little 
light on a very complex subject replete with many ramifications and also 
subject to extraordinary publicity* 

In this particular field modern science, as you are all aware, has 
given us new approaches and vastly difficult problems. It has made possible 
eveni^which have been startling, staggering, and in many respects profoundly 
dismaying. These have mushroomed like the cloud of the atomic bomb itself 
from the original discovery of nuclear fission by Hahn and Strassman in 
Germany, ^This produced a tremendous sensation among a handful of nuclear 
physicists and even a few popular articles appeared some years ago mention- 
ing and speculating on energy possibilities. However, general 

appreciation was naturally limited since the basic phenomena were not 
generally irmpied. It could hardly be otherwise even, though we were 
probably not as obtuse in the matter of appreciating news as the old darky 
servant in a comic recitation made famous a generation ago by Nat W^lls 
(No news are what killed the dog). 

At all events astounding phenomena of all sorts must be dealt with, 

•VTe find ourselves with a new fantastic physics, nuclear reactors of varied 
typeT^r^p^Jul^on^^^^ ; atomic bombs and artillery and also liberal 

A 

supplies of radioisotopes. 
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Whis last feature is the one that physicians would like to exploit 
beyond all else but it is not possible to neglect nuclear weapons. We 
have all read accounts of what they can do and have seen illustrations 
and movies; some of us have seen them in action. As if that were not 
enough bigger and better blasts seem to be in store by way of the so-called 
hydrogen, ja: fusion or thermonuclear bomb. 

Dealing with the matter of bombs briefly, it is well to point out a 
few considerations which color the general defense picture. First of 
all let us remember that it is not safe to indulge in a Rip Van Winkle 
snooze in the matter of preparedness and civil defense. Even th 
immediate danger may be discounted| fine cannot prepare efficiently or 
economically overnight. The potentialities of attack are there and we 
must not forget this. Naturally all the military services are studying 
the problem with the greatest concern both from defensive standpoint and 
e/fective retaliation. However, civil defense is also a requisite and 
it should be remembered that a really effective civil defense may well 
act as a deterent. The more vulnerable we are the greater the temptation 
for an enemy to resort to a s\irprise attack. An efficient civil defense 
and an increasing spread of industry greatly reduce the profit of 
attacks and likelihood of demoralization. Civil defense also I might 

itniiSL, 

note will pay big dividends in the case of peacetime calamities; 
unhappily are not too infrequent. 
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Coming to my own proninc^ atonio weapons mean not only ooloesal 


y ski-irtri uuulea 


by the more familiar agencies of burns and blast, but the 
introduction of radiological hazards. Japanese figures indicate an over- 
all fatality rate from radiation effects, rou^ly estimated at fifteen 
per cent. Thus the more familiar injuries ^e ^sure to be grossly 
preponderant^^ Yet aside from that fifteen per cent, which is truly a 
considerable figure notwithstanding, it must be remembered that many 
other casualties will have the course of illness and treatment complicated 
by the effects of ionizing radiation. This factor must be calculated 
into overall plans for dealing with an atomic catastrophe. Let us see 
what that means in terms of relief and therapy aside frcm the gross need 
for dealing as effectively as possible with huge numbers of casualties, 
namely, estimated at more than 50,000 from a single bomb. 


In the first place, air bursts at a moderate elevation are apt to 
be the means employed and that means that radiological contaimination is 
apt to be a minor consideration and of little, if any, concern in prompt 
rescue work. The principal radiation effect will be from gamma rays and 
people exposed within a range of a mile or so from the epicenter, whether 
apparently injured or not, are apt to develop serious and at times fatal 
radiation illness. Many of these, although apparently well, or affected 
to minor degree, at first, become very ill ten days to several weeks later 
and so it becomes most advisable to make provision for such later 

developments. Otherwise, scattered refugees may fall ill unexpectedly in 

A 

various locations and with inadequate provision for their needs, causing 
a resulting tendency to widespread demoralization. 


In the case of those injured by burns and other traxana within the 
zone of radiation effects, the complicating factor of radiation illness 
must be dealt with. This may influence decisions as to open operations, 
since radiation illness of severe degree will entail tendencies to 
hemorrhagic effects, nutritional problems and lowered resistance to 
infection even to ■4iie extreme degree:^ s ee n i a agr a nulopyt e sic . It will 
also mean a greater burden on the medical and nursing staff and increased 
need for the biological types of antibiotics, than would ojrdinarily be 
anticipated. The sulphonamides would be largely interdicted in cases of 
radiation illness d uo to ^hoiPiUopre s Baut e ff e ct upon the leucocytes count. 
Whole blood and to a lesser extent plasma will also be needed in larger 
measure. We now have, fortunately, a plasma substitute in the form of dextran 
Which 


In the matter of genetics, permanent sterility and the birth of 
monstrosities do not appear important. Of more concern is the increase in 
remote hereditary harm in future generations which may result not only from 
acute atomic explosion radiation hu-t?^r^ cumulative effects of exces sive 
exposures* Precise figures are still uncertain but from a statistical 
standpoint large numbers of people would have to be affected in order to 

occasion serious results to the general population. Nevertheless the ^ 

^ tAAAASt»4St4-'tff 

radiation factor is not to be forgotten entirely because seeme thw e a re 

already^ considerable number of yo ee oii^ factors called mutations carried 


along in the human germ plasm! a nd oi f t ee-^ w g pe a ^i op numb e r e f 4 1y se^/ 

s r" -Tir T f nvfrrnhl r I . /I ^ ^ ^ / 
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Another set of problems would arise if a subsurface burst occurred 
roughly similar to that carried out at Bikini. Such may be anticipated where 
a considerable amount of reasonably deep water is sufficiently near a 
profitable target. The main ccmplicating factor then becomes the resultant 
deluge of water, foam and mist heavily contaminated with radioactive fission 
products. Flash and blast effects will be notably reduced, but contamination 
of personnel, buildings and mater iel *iil cause much trouble. It should, 
however, be noted that the picture sometimes drawn of cities deserted for 
thousands of years, although quite dramatic, is definitely overdrawn. 

Most fission products decay rapidly, usually in chain fashion ty beta 
decay, and radioactivity declines very rapidly. This has ^ery p ract ical 
implications. Rescue work may have to be delayed Awt even in a matter of 
hours stims afforrs- oan bki made, 'Again if personnel, protected in buildings, 
subways and other shelters will forbear to rush out immediately, a great 
reduction in the radiation casualty rate will be made, very liberal 
degree$of controlled access to contaminated area sh a uik l be possible within 
a few days^" and although certain long-lived radioactive materials 
present serious problems indefinitely, the picture is far from as grim as 
often painted. 


W 


Radiological warfare is often mentioned in lurid fashion and to be sure 


it 


to^. 


a serious^^ harrassing agent. Nevertheless in th^ reports 


from the Department of Defense it is considered of far less peril than 

awe ^ 

Coming now to the medical and biological application of radioactive 
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isotopes we find that such employment takes two main directions. First, 
there is the application to patients for therapeutic and o-e e ft sian a l-l iy 


methodology. In addition, and as a sort of adjunct to radiation safety 
and practical applications, there are numerous studies involving the toxicity 
and metabolism of the isotopes themselves. 


Considering it is natural to entertain the hope that perhaps an 

isotope may be fo\and that will act as the magic weapon with which to conquer 
cancer completely, once and for all. Such, however, has not been found and 
it may well be that this complete measure of success will continue to elude 
us. There are several inherent difficulties. These are related to a suffi- 
cient degree of selective absorbtion of the particular elements concerned, 
convenient and effective types of radiation, suitable half life and relative 
freedom from toxic effects. We must also consider radiological hazards and 
precision in dosimetry. Administration of radioactive isotopes in a proper 
manner calls for much specialized knowledge, skill and training. 

Accordingly in the United States, hospitals or clinics desiring to obtain 
isotopes for clinical use, are required to have a supervisory committee 
composed of experts in internal medicine, hematology, radiation therapy 
and radiation physics. 


diagnostic purposes. Then there is use in research. 



by tracer 




Ka^^, Sr^® (plaques) and Co®*^ , 
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recjuisite. Certain cases of thyroid disease ^ nts also suitabls for this 
form of therapy. Again in certain cases of coronary heart disease where 
lessened function of the thyroid is desired, ll31 may be the method of 
choice in accomplishing this. , as is well known, has beneficial effect 
in a number of conditions such as certain diseases of lymph glands; also 


in blood diseases and occasionally skin lesions. . However, our old friend. 





Such therapeutic and diagnostic uses are of course most interesting and 


often spectacular, but it is quite likely that the more slow and toilsome 
application of radioactive isotopes to biological research will yield the 
most^enefit^ The ability to trace important elements and the chemical 
molecules or radicals to which they are attached is naturally a great 
asset, and that is what the use of radioactive isotopes as tracers makes 
possible. All this is a subject for chapters, if not volumes, but it is 
appropriate to mention a few salient features here. 

Methods of application include rate of appearance and disappearance of 
the radioactive elements along with quantitative radiation studies of tissue, 
tissue fluids and execretory products. In addition radioautography is 
extensively employed and it is often of great value to use radioactive 
tracers in partition chromatograph where the substance concerned spreads 
along special types of paper. 

Amongst the matters elucidated we can enumerate some that are very 
interesting and important. The ccmcept that all body tissues are in a 
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constant state of flux or turnover has been greatly amplified. The status 
of chemical bonds in organic compounds is being clarified and we find that 
certain bonds usually thought of as closed are in reality often open in the 
living cell* The transfer of water and doluble salt is becoming more 
accurately determined. 

Thus new pages in metabolism, diagnosis and therapy are being opened 
and we can expect that the new few decades in medicine will be as brilliant 
and dazzling as those which brou^t us so many triumphs in the past. 

This brings to a close this brief account. It is hoped that although 
sketchy and elementary it will serve to bring these matters into proper 
perspective and stimulate those interested (and it is hoped there are many) 
to more detailed study of the manifold phases involved. 
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vm VOTES OM ATOMIC ISDICISE 



It is indeed an honor to be invited to speak to this important clvie 
organisation. • I can only hope that In return I may be able to shed a little 
light on a very complex subject replete with many ramifications and also 
subject to extraordinary publiei'ty. 

In this particular field modern science, as you are all aware, has 
given ns new approaches and vastly difficult problems. It has made possible 
event which have been startling, staggering, and in many respects profoundly 
dismayj,ng. These have mushroomed like the cloud of the atomic bomb itself 
from the original discovery of nuclear fission Hahn and Strassman in 
Cermany. T^iis produced a tremendous sensation among a handful of nuclear 
physicists and even a few popular artioles appeared some years ago mention- 
ing and speculating on energy possibilities. However, general 

appreciation was naturally limited since the basic phenomena were not 
generally grouped. It oould hardly be otherwise even though we were 
probably not as obtuse in the matter of appreciating news as the old darky 
servant in a comic recitation made famous a generation ago ly Mat Wells 
(Bo news are what killed the dog). 

At all events astounding phenomena of all sorts must be dealt with. 

We find ourselves with a new fantastic physics, nuclear reactors of varied 
types for propulsion of ships t atomic bombs and artillery and also liberal 
supplies of radioisotopes. 




This last feature is the one that physicians would like to exploit 
beyond all else but it is not possible to neglect nuclear weapons* We 
haTS all read accounts of what they can do and hawe seen illustrations 
and moriest some of us hays seen then in action. As if that were not 
enough bigger and better blasts seem to be in store by way of the so-called 
hydrogen, or fusion or thermonuclear bomb. 

Dealing with the matter of boabs briefly^ it is well to point out a 
few considerations which color the general defense picture. First of 
all let us remember that it is not safe to indulge in a Rip Van Winkle 
snoose in the matter of preparedness and ciwil defense. Eren the 
imediate danger may be discounted. One cannot prepare efficiently or 
economically overnight. The potentialities of attack are there and we 
must not forget this. Haturally all the military services are studying 
the problem with the greatest concern both fr«a defensive standpoint and 
effective retaliation. However, civil defense is also a requisite and 
it should be remembered that a really effective oivil defense may well 
act as a deterent. The more vulnerable we are the greater the temptation 
for an enemy to resort to a surprise attack. An efficient oivil defense 
and an increasing spread of industry greatly reduce the profit of 
attacks and likelihood of demoralization. Civil Befense also I might 
note will pay big dividends in the case of peacetime calamities , though 
unhappily are not too infrequent. 
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Coming to my own prorlnee, ntomie weapons mean not only oolossal 
destruction by the more familiar agencies of burns and blast, but the 
introduction of radiological hasards* Japanese figures indicate an orer- 
all fatality rate fran radiation effects, rou^ly estimated at fifteen 
per cent. Thus the more familiar in^ries are sure to be grossly 
preponderant. Tet aside from that fifteen per cent, which is truly a 
considerable figure notwithstanding, it must be remembered that many 
other casualties will hawe the course of illness and treatment complioated 
by the effects of ionising radiation. This factor must be calculated 
into cnrerall plans for dealing with an atomic catastrophe. Let us see 
what that means in terms of relief and therapy aside from the gross need 
for dealing as effeotiwely as possible with huge numbers of casualties, 
namely, estimated at more than 50,000 from a single bomb. 

In the first place, air bursts at a moderate deration are apt to 
be the means employed and that means that radiological contamination is 
apt to be a minor consideration and of little, if any, concern in prompt 
rescue work. The principal radiation effect will be from gamma rays and 
people exposed within a range of a mile or so from the epicenter, whether 
aj^arently injured or not, are apt to develop serious and at times fatal 
radiation illness. Many of these, although apparently well, or affected 
to minor degree, at first, become very ill ten days to several weeks later 
and so it becomes most advisable to stake provision for such later 
developments. Otherwise, scattered refugees stay fall ill unexpectedly in 
various locations andwilh inadequate provision for their needs, causing 
a resulting tendency to widespread demoralisation. 







In the case of those Injured by burns and other trauna vithin the 
gone of radiation effects, the eoa^lioating factor of radiation illness 
must be dealt with. ^ This suy influenee deoi8l(m8 as to open operations, 

■.-■z-m" 

since radiation illness of severe degree will entail tendencies to 
hemorrhagic effects, nutritional problems and leered resistance to 
infection even to the extreme degree seen in agranulocytosis. It will 
also mean a greater burden on the medical and nursing staff and increased 
need for the biological -types of antibiotics, than would ordinarily be 
anticipated. The sulphonamides would be largely interdicted in cases of 
radiation illness due to their depressant effect upon the leucocytes count. 
Whole blood at^ to a lesser extent plasma will also be needed in larger 
measure. We now ha-ve, fortainately, a plasma substitute in the form of dextran 
which should be a great boon. 

In -the matter of genetics, permanent sterility and the birth of 
monstrosities do not appear important. Of more concern is the increase in 
remote hereditary harm in future generations which may result not only from 
acute atomic explosion radiation but from oumulatire effects of exoessiTe 
exposures. Preoise figures are still uncertain but from a statistical 
standpoint large numbers of people would have to be affected in order to 
occasion serious results to -(he general population. Hewertheless -the 
radiation factor is not to be forgotten entirely because it seems there are 
already a considerable number of reoessiTe factors called mutations carried 
along in the huoBian gera plasm, and since ty far the greater number of these 
are unfavorable. 
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toother set of problems would arise if a subsurface burst occurred 
roughly similar to that carried out at Bikini . Such may bo anticipated where 
a ooQsidearablo amount of reasonably deep water is sufficiently near a 
profii»ble target. The main complicating factor then becomes the resultant 
deluge of water, foam and mist heawily oontaminated with radioaotiwe fission 
products* Flash and blast effects will bo notably reduced, but oontaraination 
of personnel, buildings and materiel will cause much trouble. It sl»3uld, 
however, be noted that the picture sometimes drawn of cities deserted for 
thousands of years, al^ough ^ite dramatic, is definitely overdrawn. 

Ifost fission products decay rapidly, usually in chain fashion by beta 
decay, and radioactivity declines very rapidly. This has very practical 
implications. Rescue work may have to be delayed but even in a matter of 
hours some efforts can be made. Again if personnel, protected in buildings, 
subways and other shelters will forbear to rush otit immediately, a great 
reduction in the radiaticm eanualty rate will be made. A very liberal 
degree of controlled access to ccmtaminated area should be possible within 
a few days, and although certain long-lived radioactive materials will 
present serious problems indefinitely, the picture is far from as grim as 
often painted. 

Radiological warfare is often mentioned in lurid fashion and to be sure 
it oould from a seriously harrassing agent. Nevertheless in the reports 
fr<na the Department of Defense it is considered of far less peril than 
atomic bombs. 

Coming now to the medical and biological application of radioactive 
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Isotopes we find thst such employment takes two main direct Ions ♦ First, 
there is the application to patients for therapeutio and ocoasionally 
diagnostie purposes. Then there is use in researoh, usually by tracer 
methodology. In addition, and as a sort of adjunct to radiation safety 
and practical applications, there are numerous sti^ies inrolTing the toxicity 
and metabolism of the isotopes theme elTSS, 

Considering the first, it is mtural to entertain the hope that perhaps an 
isotope may be found that will act as the magle weapon with whieh to conquer 
cancer completely, once and for all. Such, however, has not been found and 
it TMiy well bo that this complete measure of success will continue to elude 
us. There are several inherent difficulties. These are related to a suffi- 
cient degree of selective absorbtion of the particular elements concerned, 
i' convenient and effective types of radistlon, sultsbls half life and relative 
freed©® ifrom toxie effeete. We must also eonsidnr radiologieal hazards and 
preeiaion in dosimetry. Administration of radioactive laotopea in a proper 
manner ealla for much apecialised knowledge, skill and training. 

Accordingly in the United States, hospitals or clinics desiring to obtain 
isotopes for clinioal use, are required to have a auperviaory comaittee 
oompoaed of experts in internal medicine, hematology, radiation therapy 
and radiation physics. 

121 S2 

Isotopes most frequently used in clinical practice are I p and 
Ka24^ An^®®, Sr®® (plaques) and Co®® • 
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others do not, so that careful selection and preliminary studies are 
requisite. Ceirtain oases of thyroid disease are also suitable for this 
form of therapy. Again in certain oases of coronary heart disease where 
lessened function of the thyroid is desired, tyj® method of 

choice in accomplishing this. as is well known, has beneficial effeet 

in a number of conditions such as certain diseases of lymph glands; also 
in blood diseases and occasionally skin lesions. Howerer, our old friend, 
X-ray therapy, is not to be forgotten. It often does just as well. 

f 

Such therapeutic and diagnostic uses are of course most interesting and 
often spectacular, but it is quite likely that the more slow and toilsome 
application of radioaetiTe isotopes to biological research will yield the 
most benefit. The ability to trace important elements and the chemical 
moleculres or radicals to which they are attached is naturally a great 
asset, and that is what the use of radioactive isotopes as tracers snkes 
possible. All this is a subject for chapters, if not volumes, but it is 
appropriate to mention a few salient- features here. 

Methods of applieation include rate of appearance and disappearance of 
the radioactive elements al<mg with quantitative radiation studies of tissue, 
tissue fluids and exeoretory products. In addition radioautography is 
extensively employed and it is often of great value to use radioactive 
tracers in partition ehronatograph where the substanee concerned spreads 
along special types of paper. 

Amongst the matters elucidated we can enmerate some that are very 
interesting and important. The ocneept that all body tissues are in a 
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constant state of flux or "turnover" has been ^eatly amplified. The status 
of cheaieal bonds in organic compounds is being clarified and we find that 
eertain bonds usually thought of as closed are in reality often open in the 
living oell* The transfer of water and doluble salt is becoming more 
accurately determined. 

Thus new pages in metabolism^ diagnosis and therapy are being opened 
and we can expect that the new few decadev in medicine will be as brilliant 
and dazsling as thosd which brou^t us so many triumphs in the past. 

This brings to a close this brief account. It is hoped that although 
sketchy and eleraentairy it will serve to luring these matters into proper 
perspective and stismlate those interested (and it is hoped there are many) 


to more detailed study of the manifold phases involved. 




MEDICAL ASPECTS OF ATO^IIC DEFENSE 


(Sertoma Club, Charleston, SC) 
23 October 1953 




('TP ^-nrTf ppapt t»T,«! «i -g.pECIAL WEAPONS DEFENSE 


It is always an honor to be invited to speak to an important civic 


organization such as this. It is of course also a challenge to the speaker 


to come up with something worth while for the audience. 


The times and my own particular background have brought me to the 


topic of nuclear and other special weapons as related to medical and civic 


problems. This topic, I hope, won’t be taken amiss on the grounds that 

r 


he~-iar© 


it is of concern only for the~-iarge metropolitan areas. As a matter of ) 
fact, all cities with important military installations are natural targets* j 
and aside from that,/^ll cities will have supporting roles to play at 


n 


very least. 


There has been an ever present need for some measure of defense against 


disasters since prehistoric days when mankind first developed a communal 


type of existence and particularly since the advent of large cities. The 
diversions and opportunities of city life have always had an irresistible 


appeal for many people despite fulminations against the immorality and 


viciousness often rampant in cities and again despite all the poetic 


raptures anent simple fsugatl life in the country; so, great concentrations 




of hxaaan population have featured human existence throughout all recorded 
history. Due to the resulting increase in vxilnerability, fires, floods, 
storms, volcanoes, earthquakes, famine and pestilence have all taken frightful 
toll; add finally, warfare. Mankind has an unhappy predelection for settling 
serious and heated disputes by violent and desperate means; 

us, too, are not at all adverse to murderous means of gaining power, wealth, 
or territory. Wherefore wars and runors of war have been perpetual; and 
once war starts indiscriminate blood letting is just around the corner. 

Fury mounts, compunctions vanish, and conscience takes a vacation. Finally, 
stern necessity, real or fancied, may call for wholesale destruction which 
would ordinarily be repugnant or unthinkable. At all events regardless 
of speculations, the hideous record is there and we have no reason to feel 
that we have seen the end of it. 

As we scan the pages of history the sum total of catastrophe is 
impressive, in fact staggering. However, disasters usually strike rather 
haphazardly and in a given locality infrequently. We tend, therefore, to 
neglect earnest consideration of them, and avoid the trouble and expense 
of preparedness unless the Sword of Damocles is right over our own heads. 





J 


2 


Well, it is over our heads now - there can he no doubt of it. With 


the flash and the rumbling roar of the nuclear explosions in Japan, all the 


r- 

elements of mystery, sensationalism, spectacular horror aod-gruesome 


’destnrction of life, combined to shock complacency. Nevertheless, we still 


seem to find it difficult to accept the imminence of peril though there is 
obvious need for realistic preparation on a large scale. There is endless 
planning, much writing and plenty of talk - all of which is important and 
essential, but it is time we really went to work seriously. 

That is not to say that we are sure to be bombed and that very soon. 

It is to remind ourselves that the capability is now there. We find our- 
selves confronted by an imposing collossus possessing great military 
strength, and wishing us no good. It seeks to dominate. It seeks to 
overawe and cultivates an aura of invincible might. It depicts itself 
as the sole repository of political and social wisdom and virtue. It 
obviously seeks world dominion and we are very much in the road. Moreover, 
a heavy handed police state can't well tolerate free and well to do 
neighbors - there are too many glaring and tempting comparisons for its 






own people. 
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A healthy regard for the military and industrial capabilities of our 
own country has exercised constraint and aside from that the ruinous 
prospect of two huge countries hurling long distance atomic thunderbolts 
at each other’s vital targets is even more idiotic than the more conventional 
warfare which has marred the face of the world. It is probable too that 
this latest group of would-be world conquerors still hopes to ruin us by 
impaling us on the horns of a dilemma; prepare in full measure and wreck 
your economy; neglect preparation and become ripe for defeat. There has 

f 

long been hope and expectation in the red world that our economy will fail 
in a complete debacle. Then comes the revolution with Communists pulling 
the strings. Accordingly, certain factors tend to allay fears of early 
major warfare. It should be realized, however, that hope must not become 
a too confident expectation. 

We have been disobliging enough not to collapse and now we are in a 
tense struggle near the edge of a precipice where some provocation may 
prove too much of a push in the wrong direction. Again out of grandiose 
conceptions, overweening conceit, poor perspective and impatience with the 
cold war may come the last act. Finally, desperation over internal problems 
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can predispose to risk all on the throw of the dice of war 


We must, therefore, consider war with special weapons as a serious 
threat and prepa?*e accordingly. Our military effort has, of course, 
been stepped up as the result of the hostile actions and provocations 
in recent years, and this acts as a deterrent. It can also be pointed 
out that a well arranged civilian defense acts in similar manner. The 
minimizing of damage, casualties and panic makes a vast difference in 
end results, and these in turn will influence the calculations of an 
enemy considering desperate ventures. The better our Civil Defense, the 
less likely we are to be obliged to use it in war. 

So then, what is the enemy likely to attempt with special weapons 
and how is he likely to employ them? An answer to this in general terms 


You can read that the Russians have made and are making atcmic 
bcmbSi including the hydrogen type; that they have had successful tests. 
You can read that they are well up to the front in aviation and 
have long range bombers. 


can be derived from current knowledge. 
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You can read that complete interception of hostile bombing planes 
is not possible# 

You can read that they are well acquainted with Chemical T?arfare 
including the nerve gases. 

It le obTious that they muet be f««iliar with the German type of 
guided missiles* 

It is known that they have lots of submarines. 


There is no reason to believe that they are neglecting Biological 
Warfare or Radiological Warfare. , 

Where does this leave us? 

Well, as an enemy surveys the possibilities of a surprise attack, 
it would seem quite likely that he would decide to make it as heavy, 
overwhelming, and suddenly as possible. It would seem to his advantage 
to destroy and demoralize as much of our industrial and shipping 
capacity as possible in this first blow, before he might find himself 
handicapped by our retaliatory thrusts. 



Since the greatest amount of destruction per plane is apt to result 
from "A” bombing, it is generally thought that primary emphasis would 

be on these weapons. 


That appears valid and should be coupled with the idea that a 
umber of bombs are likely to be used against large important targets, 
here is also reason to expect that some submarines built to handle 
;uided missiles might be employed U liui/ ulo ii iic -w eapnnt •#* coastal cities, 


( 
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This leaves us with Chemical Warfare, Biological Warfare, and 
Radiological Warfare. A complete evaluation of this would be too time 
consuming here and one can only say - don’t dismiss them entirely from 
your minds. One or more of them can be employed along with atomic bombs 
to increase demoralization and impede rescue and rehabilitation. Mass 
casualties, too, are possible with Chemical Warfare, Radiological 
Warfare can have a great nuisance or harrassing value. Biological 
Warfare has possibilities and lends itself to sabotage. 


Coming now to the medical aspects we find our central problem is 
one of magnitude. Elaborate calculations have been made, based on 
Japanese records. These must be taken with realization that considerable 
variation is possible based on size and effectiveness of the bomb, 
time of day, type of weather, elevation of burst, types of structure, 
provision for prompt rescue and medical care, and finally, but far from 
least, advance warnings. Nevertheless, in any case the number of 
casualties will be huge. The usual estimate per "A” bomb in a populous 
city is 120,000 with about 80,000 surviving the first day and 60,000 
surviving in all. This brings us to the need for a lot of special 
considerations which are worth highlighting: 

Clear designation of authority and workable organization 
Adequate logistic planning and stockpiling 
Well thought out local planning 

Damage Control . Special squads are often indicated, such as we have 
in the Navy and whose efforts have saved many ships and lives. Lar^e 
industrial plants should consider this possibility. 
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Rescue . Special training for rescue crews is necessary to avoid 


dangers in working amid wreckage and rubble; also proper handling of 
casualties. 

First Aid. Widespread instruction is needed - in fact it should be 
universal. What to do and what not to do also. Resuscitation methods 
have been improved and need to be taught. Usual first aid supplies in 
the home should be supplemented with a flash light, canned milk and food 
(several days supply), matches, candles, heavy gloves, rope. Sheets 
and blankets should be readily available. A stemo type stove is an 
excellent adjunct. Keep a few tools handy where they can be picked up 
readily. 

Medical Supplies. These are listed in various books and brochures. 
A thing to remember is ample supplies for dealing with hosts of minor 
injuries. Proper treatment of these will prevent future complications 
and keep many more people available for duty. 

Mutual Support From Adjacent Areas; Mobile Units 

Transportation. All sorts of ambulances and conveyances should be 
available, but don't forget jeeps and helicopters, motor scooters and 
bicycles. Proper equipment for resuscitation and for clearing air 
passages should be part of all ambulance equipment. 

Supplemental Hospitals. Schools are given first choice for more 
serious cases because of wide distribution and type of construction - 
few stories, large rooms, wide corridors and stairs, frequent presence 
of some type of commissary installation. 


Hotels provide excellent accommodations but present difficulties 
on the score of possible elevator failure, narrow corridors and many- 
small rooms. Individual survey -will indicate value. They may often be 
out of commission due to concentration in the heart of the city where 
destruction is more likely. 

Airport hangars may serve well as emergency field hospital sites. 

Tent hospitals are often seriously considered. It should be 
remembered that tents deteriorate in storage, are laborious to set up 
and provide flimsy shelter. 

Neive Gases. These pose a very serious threat. Atropine is the 
principal remedy and must be given promptly and frequently. Severe 
asphyxia may develop in these cases and resuscitation measures need to be 
widely known. 

Biological Warfare. This calls principally for alertness and ability 
to carry out prompt identification studies by laboratories. There is 
virtually no liklihood of epidemics being caused among our people. Our 
regular City and Public Health Laboratories can serve well and there 
is no need for panic. 

Radiation. This falls within my own particular province and aside 
from that, involves so much confusion and misapprehension that I think 
I may dilate upon that subject with some profit. 

In my lectures on radiological S8d*ety I like to note that there are 
perils both of over and underemphasis making one recall the Scylla and 
Charybdis myth. One finds grossly exaggerated fears based on serious 
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effects to be sure, but puffed up by wild stories and vivid imaginations 
and involving the possibility of serious panic, interference with 
important projects, wasted effort and needless expense. Some people are 
worrying about Geiger counters when they could more profitably think 
of how to deal with conventional perils. On the other hand, neglect of 
radiological safety has produced martyrs to science in the past, and is 
still producing victims of ignorance and reckelssness as well as 
accidents today. Serious problems in radiological defense are also 
involved and so let us evaluate that hazard a bit closely. 






The Place of Badiation. The relative importance of radiation in 
causing casualties is usually estimated at 15 - 20 per cent as compared 
to 60 per cent for trauma and 60 per cent for burns. Obviously there will 
be many cases afflicted with all three and it appears likely that radiation 
as a complication has extremely adverse effects. It is apparent too, 
that since prospective casualties &re roughly estimated at 120,000 for 
a bomb in a populous city, the immediate concern must be for rescue, 
first aid and care of shock, burns and ordinary trauma. The serious 
radiation effects come on later. This picture, of course, has reference 
to the type of explosion produced in Japan. If an underwater burst is 
used, the radiation problem will be of primary concern since there will 
be a deluge of water and foam laden with radioactive fission products. 

It is generally thought that air bursts are more likely since destruction 
is greater. An underwater burst is not likely to duplicate the extent 
and degree of contamination seen at Bikini, when we carried out such 
a test. This is because a considerable depth and a large volume of 
water are requisite. A convenient lagoon or its equivalent made to 


order, is not conveniently at hand in many places. Nevertheless a nasty 
mess could be made to deal with where there are large harbors. 

Reverting to the air burst it should be noted that although 
radiation caused 15 to 30 per cent of fatalities in Japan, it might 
have caused more if more victims had been rescued. Certainly there 
would have been more cases of radiation illness since it appears that 
95 per cent of the survivors within a radius of 3,000 feet suffered 
in some degree from that cause. 

Morale , In addition to the physical effects, it is worthwhile to 
note something of the psychologic. Commander Thomas A. Harris reached 
Nagasaki about a month after it was bombed, and reported to the American 
Psychiatric Association in a discussion, that the terror had by no 
means subsided and that the people had as yet not been able to pull 
themselves together and work effectively. They knew many were dying 
of radiation illness and very naturally feared for themselves. We can 
see in this that morale factors must be given the gravest consideration 
in our disaster planning and that they further emphasize the need for 
effectively coordinated relief from outside sources. 

Coming now to radiological safety, it is interesting to note that 
in the early days of the century there was some little apprehension 
concerning the newly discovered x-ray and the rays from Radium, 
but, unfortunately, fears were largely absurd and misdirected. 

Scarcely anyone seemed to realize that there might be biological dangers. 
Instead, the public was treated to imbecilities. Thus, in the Pall Mall 
Gazette, it was stated: **We are sick of Roentgen Rays. It is now 




said that Mr. Edison has discovered a substance - tungstate of calcium 
is its repulsive name - which is potential, whatever that means, to the 
said rays. The consequence of which is that you can see other peoples’ 
bones with the naked eye - on the revolting indecency there is no need 
to dwell. It would be best to burn the works on these rays, execute 
the discoverer and whelm all calcium tungstate in the ocean. Let 
the fish contemplate each others' bones if they like, but not us," 

In New Jersey, a congressman introduced a bill prohibiting use of 
x-rays in opera glasses. In London, x-ray proof underwear was 
advertised for women. Punch came out with a satirical poem to the 
effect that radiographers should leave people alone and confine 
themselves to spooks. 

Thus there was plenty of ridiculous concern but very little 
sensible thought. It required quite a few years and many victims 
before good safety standards and satisfactory measurement units were 
established. The unit now employed is the "Roentgen" or simply "r". 

It is based on the production by the radiation of one electro static unit 
of ionization in one cc or 0.001293 gm of air. The upper limit of 
permissible dosage for generalized exposure has been set at 0.3 r 
per week of x or gamma rays per day (or the equivalent in effectiveness 
of other radiations). 


v-i-. 


It should be noted, however, that this dosage limit is for workers 
who are continually exposed to some degree of radiation in their daily 
occupation. It does not have practical application to occasional 
exposures. There is a pronounced tendency to confuse this type of work- 
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a-day standard with practical limits for occasional clinical exposures 
or those required for emergency or military necessities. The result 
is that there is 9 uch needless alarm and worry j also increased 
susceptibility to panic - a most important factor. Let us remember 
that we receive more than 0.3 r in many clinical applications of x-ray 
and radium - often much more. In the heavy exposures which might be 
involved in atomic warfare and related action, we think in terms of 
so-called calculated risk involving dosages extending from a few r 
to hundreds along lines about as follows: 


Up to 5 r negligible 

Up to 50 r . of little importance: Possibly some 

mild effects 

50 to 100 r increasing incidence of minor disabilityi 

People still able to carry on 

100 to 200 r increasing incidence of illness: Victims 

likely to become casualties 

200 to 600 increasing mortality. Serious and critical 

cases frequent. L.D. 50 at about 
400-450 

600 Recovery unlikely 


This applies to radiation received in the course of a few minutes 
or hours. When radiation is i^ceived over weeks and months, figures 
have a different significance and the total cumulative dosage can be 
greatly increased without severe effects. In certain diseases, 50 r 
of generalized body radiation have been given several times a week up 
to 500 r without alarming or dangerous radiation effects. However, 
it is considered that all exposure should be minimized and it is probable 
that about two hundred r of generalized or total body exposure is about 
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all that can be absorbed with relative impunity even in small increments 
such as 25 r weekly. 

Time does not permit of much more elaboration but before closing 
a few points seem worthy of mention: 

(1) In the case of an air burst, persistent radiation effects or 
fall out are of little or no practical concern in rescue work. 

(2) In the case of contamination from underwater or underground 
bursts, it is to be remembered that the radiation from fission products 
although intense at first, diminishes rapidly, so that a delay of a 
few hours or even thirty to sixty minutes in ©merging from shelters or 
entering contaminated areas will reduce exposure enormously. 

(3) Radiological warfare is frequently mentioned in very serious 
and, at times exaggerated, terms. It sounds easy, in popular accounts, 
to make a city permanently uninhabitable but it is just not so. In 
addition, orderly evacuation from contaminated areas is readily possible. 
The greatest peril is that of panic, which could readily produce far 
more casualties than any Radiological ^Warfare agents. 

In general, advantages relate to general harrassment, denial to 
an adversary of given areas or facilities for a time, interruption of 
work, possible production of panic, and frequent necessity for 
decontamination. Disadvantages relate to decay (limited half life) 
with resultant difficulties in stockpiling and need for constant renewal; 
difficulties in separating the most desirable fission products; shielding 
of personnel charged with responsibility of delivery; effecting adequate 
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concentration in the desired areas; diversion of pile function from 
production of fissionable materials. 

This brings my rather sketchy coverage of medical problems to an 
end, I would like now to close with the reminder that huge as the 
problem is, there is much we can do and must do; that by so doing we 
will be prepared to save thousands of lives and at the same time aid 
in the prevention of war by disabusing enemies of the idea that we will 
easily be knocked out by "A" bombs or any combination of special weapons. 
A ”pushover” is always a temptation for a bully. 

We have taken tough knocks before and can take more if we have to. 
This time let us be ready. 
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RAD UT ION IN TEE MODERN WORLD 


The title for my little talk sounds, and in fact is, over- 
ambitious • The effort to cover the entire field would resemble an 
attempt to cover all of theology in a single sermon - a feat I heard 


interest relating to radiations that have just brought the world 


relate to nuclear energy and all that i^lies^ / 

These rays or radiations we term ionizing because that is one 
of the most important things they do, certainly in the human body* 
They may also disrupt or transmute elements- which is most important 
to the physicist. They comprise a rather varied lot including the 
X-rays, alpha, beta and gamma rays, neutrons, protons and electrons. 


A technical account of these would surely not be appropriate 
here and what I hope to do is rather to put them in some sort of 
general perspec^ * " m, ^ , "il. 


Along abou^ 

appear for his dinner much to his good frauds annoyance, as one 
can well imagine. It is likely that it wasn^t the first time a good 
meal lost its savour while the preoccupied Herr Professor continued 
puttering about in his laboratory. On this occasion, however, there 
was an exceptional reason. Wilhelm Konrad Roentgen had just 


one young Chaplain attempt some years ago. 


M 



very 


limited success. Thus I will limit my 


to some of its most stu ' ' " ’ challenges - those that 
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discovered the X-ray. ^ ^ j _ » 

The impact of this hn both scientific and lay worlds was 
tremendous. X-ray promptly became the great wonder of the day and 
excited all sorts of curious reactions, including some that were 
humorous and some that were absurd. Punch produced a comic poem. 
Magazines showed grotesquely posed skeletons as examples of 


photographs by the new method. The Pall Mall Gazette wanted the 
discoverer executed on grounds of indecency. X-ray proof underwear 
was offered. A ban on the use of X-ray in opera glasses was desired 

On th© serious side a prodigious amount of research was done all 
over the world. In addition, natural radiation was investigated 
leading to the discovery of Becquerfi,! rays and then Radium and 
Polonium. (These last the work of the Curies). Becqueral rays 
turned out to be a mixture of alpha, beta and gamma rays. * 

We have all grown more or less familiar with Xl-rays and 
radium, but it is doubtful if many of us realize the important 
scientific implications and developments related thereto. That is 
natural because they were so technical and often theoretical. It 
was early realized that immense power was locked up in the atom. 
Einstein developed his energy mass equation in 1905, (E = MC^) 
and trusted that radioactivity would one 

professor of astronomy in about 1912 was voicing the opinion that 


the energy of the sun was related to radioactive processes. I 
mentioned something about this in my own physics thesis in about 1914. 
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However, power and energy from the atom seemed a long way off - 
truly "pie in the sky" as we say today. We could see radioactive 
phenomena taking place right under our noses as in the spinthariscope 
or on our luminous dials, but there was nothing we could do that 
v/ould influence the rate of energy emission in the slightest degree. 
You could do everyth^g imaginable te- th» ■ a^n %-~^’rgSemblipg-^«4hfc„ 
efforts^te un|wiWd'1l>l^g~ magic skin A •«« of Balzacs famous stori 
and with as little effect. • ' / 

Eventually, however, the key to the riddle was discovered, as 
it so happens, by workers who were looking for something entirely 
different. Hahn and Strassman in Cxermany were trying to build up new 
heavy elements in what we call the transuranic group, by shooting 
neutrons at uranium in hopes that some would stick. Well, when they 
came to analyze the results it became evident that something entirely 
unexpected was happening - so unexpected that the two scientists 
could scarcely credit it, and were very diffident about reporting 
the matter. What happened was that they found traces of lighter 
elements of such weight as to indicate that uranium atoms were being 
split up by neutrons (Krypton and Barium). 

Now that doesn’t sound very exciting to most of us but it was 
electrifying to physicists who realized the implications. These 
related to the chain reactions whereby neutrons split atoms 

which thereupon discharge more neutrons to split still more atoms. 

The details of this are naturally complex and need not concern us 
today other than to note that this process is associated with the 

fantastic energv releases we are all more or less familiar with as 
demonstrated in atomic banbs and nuclear 
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You may wonder new about the hydrogen or fusion bomb wh3. ch 
would appear to be based on the opposite principle. Well so it is, 
but there is UQue the less a basic similarity. In the fusion of 
hydrogen^sotopes to form Helium, and in the splitting of uranium 
or Plutonixnn to form lighter elements, mass disappears and energy 
is released in accordance with Einstein’s equation already mentioned. 


Thus by using, a§ ^ were^seven leagpe boots.we are up to 
nuclear we^onsjj^t^ .us s^e^J^'hat relation meahs in this regai^ 

You have all heard of radiation sickness and death in the case 
of the Japanese bombings. These resulted from gamma rays emitted at 
the time of explosion and from the fire ball and atomic cloud until 
they rose beyond range. This was something new 

- It naflWS^lly and properly aroused grea-^ 


attention and is still a matter for extensive research. ^However, 
in the preoccupation with this new entity there was^a tendency to 

Xo^4J0^*" 

overemphasize radiation ii f fm4t- in planning so that people were 
thinking in terms of running around with Geiger Counters, when there 


were far more realistic things to do. ^f^idiation may be expected tp 
cause UP to 15 or 20 per cent of the fatalities in an ^atomic attack. 
The effects will not be immediate call for first ai(^; nor will 
there be significant radioactive contamination in any area where 
rescue operations will be needed. The contaminated area is small 
and limited to the zone of complete destruction. Thus the main 
immediate concern in an atomic attack will be for rescue, first aid 
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and evacuation of bunaed and injured people. Later there will have 
to be provision for the radiation casualties and it will be well to 
remember that many apparently sound people from certain zones will 
be candidates. They should be kept track of and relieved from 
heavy work details. Radiation illness is greatly aggravated when 
exposure to inclement weather or heavy efforts have taken place 
during the quiescent interval. 


In the case of an underwater burst there will be far less fire 
and blast effect, but a deluge of radioactive water will complicate 
the picture. This radioactivity is very intense to begin with and 
quite dangerous. Nothing but prompt decontamination will save 
people drenched with such water. However, the radioactivity is 
due to very unstable fission products which decay rapidly, losing 
radioactive strength. The practical point here is that delay in 
emerging from sheltered areas or in entering contaminated areas 
becomes an important matter. Here is where monitoring teams can 
provide essential guidance. Delay of as little as one-half to 
several hours may be 


This type of dan^ ^ ^ /arfare. 

We can't dismiss the possibility entirely since it has possibilities 
of denying free access to certain areas, compelling evacuation or 
limitation of stay. It also has panic possibilities especially if a 
populace is not well informed. 

It is not a particularly easy weapon to use and has its own 
drawbacks anent renewal of agents, stockpiling, danger to personnel 
delivering it and interference with normal pile operations. 
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So much foi 


In recent years two features have captured the limelight. 
Kadio isotopes and supervoltage machines. 


The present liber ^ ^ isotopes has been made possible by 

the atomic piles, or more scientifically - nuclear reactors. In 
connection with pile operation various fission products result and 


elements in the pile and let the neutron flux work on them. This ^ 
produces transmutations or activations into radioactive elements. 
Finally, scmie isotopes are produced in 


Lements act chemically in just the same way as their stable 
parts and are distributed in the same manner in the body. 

, wherever they are, they continue to give out radiations, 

chiefly gamma and beta rays, one or both, like so many miniature 
X-ray machines or betatrons. 

1/Shat we would'^like, of course, is to have radioisotopes of such 
biochemical and physical nature as to go exclusively to diseased or 
cancerous cells and with the radiation strictly limited to them. 
Unfortunately they are not so obliging and there are always some 
undesirable general effects. The nearest approach to highly 
selective action is seen with iodine which, as most everyone knows, 
is particularly identified with the thyroid gland. 



of Radiation. 




131 

some of them, such as I , are useful. Again we put certain inert 



lly scmie isotopes are produced in 
ItThe usefulness of radioisotopes i 


The usefulness of radio! so1?opes i 
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In general there are distinct limitations and doctors must 
use them with great care and discretion, and with consideration of 
alternative or associated use of X-ray and other remedial measures. 
Special supervisory committees of experts in the fields concerned 
review cases in which isotopes are used. A high degree of expert 
knowledge and good equipment is necessary; also good technique. 

Clinical use relates largely to certain blood diseases, cancerous 
conditions and over-activity of the thyroid gland - also to a few 
skin diseases, and finally to diagnostic studies by tracer methods. 




This brings us to another and very promising Vrield: Research by 

tracers. In the past it has been very difficult to follow accurately 
the metabolic changes that take place in living tissues. It was as 
though we were trying to fathom the activities of a column of troops 
wending their way through a dense forest. And just as it would be 
easy to follow such a group if the members were continuously firing 
rockets into the air, so it becomes relatively easy to trace chemicals 
when elements are present that will shoot off various pyrotechnics 
in the form of radiations. Once more there are difficulties and 
limitations but the method is in general highly valuable, not only 
in medicine but in agriculture and industry. 

In the matter of high voltage machines, moaern time brought 
cyclotrons and betatrons, synchrotrons, cosmotrons, linear accelerators, 

and others besides. 
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Energies new.' go into Mllions of electron volts. It sounds and 


is fantastic. They are ottermou^ly: nxwili.ed in nuclear research and 
are bringing some very practical benefits also. It might be noted that 
these machines although they differ very widely have this in common. 
They accelerate electrons, protons or other particles by repeated 
electrical boosts until these particles reach enormous velocities 
and energies. The voltages ascribed are meant to indicate the 
energy and are not actually present as differe^es of potential. 

In the medical world we are interested chiefly in the betatron 



varieties. These are electron spinners which make it possible, to 

obtain X-rays up to "70' million electron volt energies; and also 

electron beams. Once more we cannot expect miracles from these, 

but I feel confident they will bring benefits to certain selected 

cases. You will probably wonder why. The answer lies in depth 

dosage factors - putting the dose of radiation where we want it 

and sparing other tissues - because you must remember radiation 

can be harmful. That factor of locating and localizing dosages is largely 

what is behind all our therapeutic maneuvering with isotopes and 

various types of apparatus. At all events low voltage X-ray affects 

the skin predominantly. As we progress to higher voltage the rays 

become more penetrating and more of the energy is absorbed within 

the body, and we get a preponderance of deep effects. Electron 

beams are not as penetrating as X-ray or gamma and are proving useful 

in skin cenditions. Beta rays are composed of electrons and so 

beta emitting isotopes are often used for certain skin affections; 

in late years betatrons are being used for this purpose also. 
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As noted, these newer methods are promising, but I would like to 
point out again that there are limitations, that clinical evaluation 
is still not complete, and that the more conventional methods and 
apparatus still form the backbone of our radiation therapy, and a very 
excellent backbone* In other v/ords, people do not need to feel that 
they n >^9^ treated if multi- million volt apparatus 

is available for them, or the latest in isotopes* 

A word now on Radxological Safety* Atomic bombs and nuclear 
reactors have made us all conscious of this subject* I have already 
related something of that and so will only add: Let us not overlook 

the daily hazards or, on the other hand, exaggerate them* In general 
more serious attention is being given to the matter because: 

1. The medical and dental use of X-ray continually increases. 

2* Industrial uses of X-ray and radioactive materials increase 
steadily* 

3* The use of radioactive isotopes increases steadily throughout 
the world. 

4* More and more high voltage machines are being put in action* 

5* It is recognized that there are harmful cumulative effects; 
these include Skin Effects; Blood Effects; Genetic Effects; 
Carcinogenic Effects; General effects on aging and longevity* 

Now quantitative precision is far from what we would like in 
these matters, and in general very substantial dosages have been 
involved where significant harm resisted* Thus no one need be 

jpSxjh* 

concerned about their clinical X-rayl when, as is mostly the case, 

A 


they are under supervision of trained radiologists. At the same 
time it is well to avoid any needless exposure; and as for 
industrial application, survey of the situation by a radiation 
physicist is always advisable. Excellent standards have been set up 
and where they are followed workers are quite safe. It has to be 
remembered that effects may be quite insidious as we learned in the 
early days of radiation when enthusiasm outstripped discretion and 
when, of course ’ ' ’ « - 


In closing I would like to mention that the Armed Services have 
been very active and interested in the field. As early as in 
the Spanish American War X-ray was put to use in the field. 

Excellent work was done in World War I, and in World War II the 


services pioneered in the use of photofluorograph for chest examinations; 
the Army employed 4x5 film and the Kavy 35mm. These efforts 
helped greatly to speed the almost universal application of this 
method throughout the Country. The most popular size in this Country 
now is 70mm. 


their part and I might note that important biomedical research has been 
done by us that will prove of general benefit to humanity. 

Wot all is sacrificed on the altar of Mars. We in the Navy have 

the US Naval Radiological Defense Laboratory at San Francisco and also do 

much work at the Naval Medical Research Institute, Bethesda, Maryland 

in the field of Radiology. A number of our larger naval hospitals 

now have isotope laboratories. A million volt X-ray machine is in 






medical servicees have done 
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operation at St 
at Bethesda. 



Albans and a two million type i»- b g 


Various books, brochures and manuals have been prepared, and 
we always stand ready to cooperate with our civilian colleagues to 
the greatest extent possible. 


My personal thanks and those of the services for this 
opportunity to speak to you. 
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MEDICAL RESPONSIBILITffiS IN DISASTER 


Thank you for the oppoirfcunity to speak a few words on the subject of 
medical responsibilities in disaster. 

We tend now-a-days to think of the subject as particularly modem and 
related almost exclusively to war, at least as far as civic concern is 
deemed necessary. We also tend to expect Red Cross and other federal 
agencies, including particularly the Armed Services, to step in and do the 
job in case of disaster, and as a matter of fact they do come to the rescue 
in generous measure. However, these efforts can well be supplemented by 
local activity - or perhaps one should say anticipated. Local agencies are 
the ones immediately available and needless to say promptness of rescue 
and aid are of the greatest importance. This audience, made up of folks 
with Armed Seirvice background, knows that well. Our medical departments 
have bent every effort to bring prompt care to the wounded and effect early 
evacuation, often by helicopters. This has played a large part in the result 
that mortality has been reduced dramatically from 8.3?S in World War I to 
4.5?S in World War II, and about half that in the Korean hostilities. 

The same consideration pertains to casualties in peace time disasters. 

These strike all too frequently and pose sudden, severe and sometimes desperate 
problems. Just let your memory play over the past a bi t and you will 
realize this very soon. Tornadoes, hurricanes, blizzards, earthquakes, 
volcanoes, fires, wrecks, floods, tidal waves, have taken heavy tolls. We 
can thus reflect that the planning and preparation recommended by our 
government in the matter of civil defense in war, will often pay good 
peace time dividends in lessening suffering, hardship and mortality. 


The present day emphasis, of course, relates to possibilities of attack 
by special weapons and the value of preparedness is obvious from the 
standpoint of the care of casualties. Other considerations are also 
to be remembered. An effective civil defense will lessen emergency 
demands on the miliary, who will thereby be able to devote more energy to 
combatting the enemy. — The demands apt to be made upon the Armed Services 
are well shown by the following excerpt from "Group Panic and Other Mass 
Disruptive Beactions": 

"In the Texas City disaster, the explosion of the French ship, 

S.S, Grandcamp, occurred at 9:10 a.m., 16 April 1947, and 20 minutes 
later the nearest Army installation. Fort Crockett, near Galveston, 
was contacted for aid. *At the request of the local sheriff’s office, 
the Commanding Officer, Fort Crockett, suspended normal operations at 
0930 and dispatched all available personnel, both militaiy and civilian, 
to Texas City with the primary mission of evacuating injured to Galveston.* 
Furthermore, "The Army assisted the Red Cross by continuing to rescue, 
feed, house and administer medical aid to civilians of the stricken 
area until 22 April. The Army supplied over 200 doctors and nurses, 
medical supplies for 5,000 victims, operated 2 food kitchens serving 
2,000 meals daily, plus 2 dock area canteens serving coffee and 
sandwiches, operated 2 refugee camps with a total of 5,000 person 
capacity and supplied equijmient for all the above plus food for the 
first 2 days. Engineer, Quartermaster and other supplies including 
numerous trucks and ambulances, were provided and radio communications 
were forwarded by Fourth Army Signal Section. Army aid was withdrawn 
gradually as the Red Cross and civilian agencies’ needs decreased and 
Army activities ceased on 26 April 1947.’ 
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"Less than 12 hours after the beginning of the Detroit ’Bloody Week’ 
race riot in 1943 (a war year), aid in controlling the riot was sought from 
the Army. Mayor Jeffries telephoned Governor Harry F, Kelly ... 

and asked that Federal troops be svramoned. The Governor transmitted 
this plea by telephone to Sixth Service Command Headquarters.’ 

"The point in citing these examples (and numerous others could be 
mentioned, as well as citing those in which the Wavy worked with the 
Army or those in which the Navy alone played a supportive or predominant 
role) is to show that the Armed Forces are from time to time called 
on to render aid to civilian populations which are unprepared to cope 
with major disasters. Plans for dealing with disasters including the 
prevention and control of panic should be developed for all civilian 
communities so that aid from the Armed Forces during disaster will not 
be required. The facilities of the Armed Forces will not then heed to 
be diverted from other missions in time of war or national danger. 

’The fear reaction of the uninitiated civilian is ever evident. It is 
of such magnitude that it could well interfere jfrith an important military 
mission in time of war.’" (Excerpt takefi from "Group Panic and Other 
Mass Disruptive Reactions", by John M. Caldwell, Col., MC USA and others 
published in U.S. Armed Forces Medical Journal, April 1951) 
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In addition to lessening emergency demands on the military, the presence 
of an effective Civil Defense should serve to diminish the seductiveness 
of any attack by enemies. Even such activities as seeking shelter or 
accomplishing evacuation of various areas require thought, planning, 
experiment and practice if confusion, panic and clogging of thoroughfares 
to be prevented. Simply, knowledge, indoctrination and a spirit of confidence 
■will go a long way in preventing such tragic results as resulted from the 
broadcast extravaganza of ’’The Invasion from Mars”, H, G, Wells' story of 
the War of the Worlds, You will recall that many people in New York rushed 
out in panic stricken flight on that occasion. In a foreign country the 
broadcast was repeated with similar effects except that when it became known 
that a hoax had been perpetrated, ^ mob wrecked the station or newspaper 
concerned. There is nothing like ignorance, fear or obscure dread, and 
lack of preparedness to produce panic. On the other hand, education is the 
best preventatives. Accordingly something worth while can be done in the 
matter of defense against disaster, no matter how limited the funds. Various 
societies and discussion groups can tsike advantage of a very abundant literature 
to inculcate knowledge. This has been the policy of our various medical societies 
and I am glad to say they have taken very effective interest. However, much 
remains to be done and the professional groups need ample and diversified 
assistance. 

I am glad, therefore to see that your organization is retaining an 
interest in a subject relative to our Civil Defense, Most of us want to 
forget it. It spells time and trouble and occasionally, at least one 
hopes, uncomfortable pricking of the conscience. 


That of course is the story for all preventive measures. As I 
pointed out recently to our own people in the matter of food handling 
regulations, we are all far more prone to take chances than to take trouble. 

In the matter of special weapons we find several factors which especially 
augment this tendency and the spirit of apathy. We have had no personal 
experience with bombing ravages in this country and so the matter takes 
on an aura of unreality. Again we are an optimistic people and tend to 
feel that these horrors so often depicted simply can’t happen here. Then 
finally we encounter a feeling that even if nuclear weapons should be employed 
against us it would all be so overwhelming that it is not worth while 
attempting to do anything about it. 

These aspects have been further aggravated by a tendency toward 
all or nothing reactions. For instance, it was early realized that 
decentralization of industry would greatly diminish the effectiveness 
of an attack by special weapons. However, someone got busy with 
pencil, paper and calculations and came up with a total cost of 
something like 300 billion dollars, and to make it worse the pprooess 
would cause gross disorganization of industry. So it seems that in effect 
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everyone threw up his hands in the familiar ’*What’s the Use” gesture. 

At all events although there has been increased industrial expansion 
beyond metropolitan centers, there has been still more expansion within. 
Thus we have lost ground. If a reasonable program could be started, 
very valuable progress could be made gradually and without very painful 
efforts or costs, and with considerable gain on the score of lessened 
urban congestion - which as we all know, is coming to be a veritable 
modem curse. 

Again it is likely to be assumed that if we don't have lots of 
money little can be done and so nothing is done, particularly in cities 
where it is assumed that they are not likely targets and so wouldn't 
be concerned except indirectly and remotely. As to the first, it 
can be said that plenty can be done with little or no money - instructions 
in first aid and rescue techniques; organization of mobile support units; 
instruction in fire fighting; plans for transportation; plans for control, 
i,e,, establishment of auliiority at the scene of trouble. As to "target” 
considerations, communities should not be too modest. Most authorities, 
as a little reading will indicate, believe that if we are to be hit at 
all, it will be in an "all out" effort to completely demoralize the 
whole country; and cities which escape bombing will surely have very 
important roles to play in support and mutual assistance. 

Coming now to some details, I think you have all seen general estimates 
of damage and casualties in various articles in popular journals and 
some of you may have dipped in to the "Effects of Atomic Weapons" 


and other scientific books 


Thus I will not say much into these general aspects. Instead I would 
like to give you the gist of a study made by Mr, John McCullough of 
the Delaware Valley Port authority and presented in a communication 
from Civil Defense Eesearch Associates of which organization I have 
been a member. This study endeavors to bring the details of atomic 
bomb effects on a large city (Philadelphia) into clearer focus. It 
probably means more to me than most people because Philadelphia 
happens to be my old home town, but I think most anyone can gain 
something from -liie study because the picture would be roughly similar 
in many of our other cities. 

It reflects the study of a test made October 6, 1953. Mr, 
McCullough states what ”happened" in the following terms: 

South Philadelphia would be burned out and in the areas of 
complete desti*uction and major damage there would be the following 

1301 physicians' offices and many of their homes; 

2324 attorneys' offices and many of their homes; 

17 hospitals; 

119 retail drugstores and their suppliers; 

45 churches; 

185 clergymen; 

43 schools; 

23 banks and branch offices of banks 

722 retail and wholesale food establishments; 

226 inflammable businesses - lumber yards, junk yards, paint shops, 

( hardware stores and the like; 
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77 gasoline stations and fuel oil distributors; 

55 hotels; 

20 theatres; 

4 large nurses* hemes; 

12 newspapers; 

4 radio stations; 

10 state liquor stores. 

”It is not possible to explore all of the consequences of the attack - 
to unravel out to its last bitter thread the skein of the catastrophe. 
Perhaps it isn't even necessary. 

"But it must be clear beyond any question that this is not merely 
an effect upon Philadelphia, nor upon its valley, nor upon its state. 

Its impact is national, even international. 

"Because one small block of Philadelphia's "Maiden Lane" on Samsom 
Street lies in utter and total ruin, the jewel merchants of Amsterdam 
and Johannesburg and Calcutta are s\nnmoned to excited conferences. 

Because some offices along 2nd and 3rd Streets have been incinerated, 
there is consteniation in the wool markets of Australia, 

"Can any one of us even remotely imagine the chaos resulting from 
the destruction in a micro-second of all of the papers and the records 
of 1300 attorneys - even if every attorney, every briefing clerk, every 
stenographer and telephonist physically survived? The records that 
men live by, that make it possible for a society to pursue its normal 
course - burned to ashes, blown to the four winds or buried inaccessibly 
perhaps forever, beneath debris, 

"Can you imagine what chaos would greet the grim dawn of the 7th 
day of October? It is only then that we would begin to sense the 
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enomity of the disaster. What would our complex economy do with its 
bank credit shattered, its commercial paper inaccessible? What the 
many persons liv^ing upon annuities whose urgent requirements could not 
be met because the heart of the financial district was a heap of 
smoking and jumbled masonry? 

"The very ships at sea would radio their owners frantically, asking 
for new orders - for their consignees are gone, the banks which 
advanced them credit, the insurers who insured them, the very stevedores 
who would unload them - gone in the holocaust.” 

All of this is surely grim but the grimmest situation can be made 
less grim if we are prepared. And as already pointed out that this t 3 rpe 
of preparedness pays valuable peace time dividends and the lack of it 
spells needless loss and suffering* 

The medical records of recent years indicate that in various 
instances of tornadoes, fires and explosions we could have profitted 
greatly by better organization and general preparedness. 

From the medical standpoint our problems sum up about as follows: 

1, Rescue and First Aid. Needs will be on a vast scale. This 
calls for virtually universal knov/ledge of at least the rudiments of 
what to do and what not to do. The Red Cross has often been of great 
help in providing first aid instruction. It needs to be remembered 
too that the rescue of people from ruins is not something to be rushed 
into blindly by the ignorant and untrained. 
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A good many communities now have one or more rescue units and 
in general they have proven excellent investments. 

First aid instruction should include some reference to Chemical Warfare, 
particularly with nerve gases, and indoctrination in more basic aspects 
of Radiological Safety, Radiological Warfare, Biological Warfare, Modern 
methods of i^suscitation take on considerable importance since severe 
nerve gas poisoning eventuates in respiration paralysis. Nerve gases, 
it might be noted, are really extremely poisonous liquids which readily 
form aerosols and can be absorbed through the intact skin as well as 
by inhalation or swallowing contaminated food or drink. In the eyes they 
produce painful ciliary spasms and contracted pupils; watery nasal discharge 
appears; breathing becomes difficult and in the end there are convulsions 
and respiratory paralysis. Atropine is the proper antidote and must be 
given early and in vigorous dosage. It is of interest to note recent 
reports that a synthetic product is now becoming available. 




2, Triage and first aid stations. You will find them described in 
Civil Defense literature. They play an important part. If properly 
equipped to handle the vast multitude of minor injuries they can prevent 
unnecessary overloading of hospitals. Again by keeping in touch with 
central controls and hospitals, patients can be distributed to best 
advantage. This involves control and authority also; and in the absence of 
such, experience shows that there will be a bad pile-up in some places 
while others get few cases. Spur of the moment decisions in the midst 
of disaster conditions and in the absence of previous thought and 
planning are likely to take on panic characteristics, and contribute to 
confusion. 
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t 3. Emergency hospitals will be called for. 

4. Expansion of regular hospitals by increasing beds and discharging 
or transferring less urgent types of cases. 

5. Plans for streamlining medical, surgical and laboratory procedures 
to care for the large influx of patients to best advantage. One of the 
greatest problems of all is that of sheer magnitude. 

6. Arrangement for transportation. 

7. Selection and organization of teams for use in the hometown or 
for aid elsewhere. 

8. In the matter of Biological Warfare defense, the backbone is our 
U,S. Public Health laboratories together with the state and local 
facilities and also agricultural units. It must be remembered that attacks 
may well involve crops and domestic animals. On the reassuring side 

it is considered that our Public Health status and the availability of 
remedial measures are such that extensive epidemics among our people 
should be preventable. 

9. In the matter of radiological hazards the need is more for elucidation 
to prevent panicky fears and at the same time lay the ground work for 
appropriate preparations and precautions. 

10. Public Health Problems. These are manifold and you will find a 
good discussion of them in Volume 68, No. 11, (Nov. 1953) of the U.S, 

P.H.S. reports. They touch, of course, water, food, sewage disposal, 
preventing epdiemic disease, providing shelters for refugees, insect and 
rodent control, household sanitation, disposal of the dead. 

11. Provision for psychiatric casualties and measures for panic prevention. 


11 


12, Plans for mobile support to other communities. (See also 7), 

This about covers the high lights as much as possible in a short 
discourse. In closing I would like to leave the impression that 
although the possibilities are grim in the extreme, we need not take 
dispairing defeatist attitudes. There is much we can do; and do it 
as we go without one might say "busting our buttons." At the same time 
the sense of urgency must not be lost otherwise we are likely to 
revert to our traditional habit of filing away or junking our plans, 
scrapping our organizations and reverting to a good old Rip Van Winkle snooze. 


